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ASD/SDQH  3-116  (Major  Thompson/ech/54480/R&D  13-2-3/UH-1N) 


ASD  Addendum  Report  to  FTC-TR-71-37,  UH-1N  Airframe  and 
Subsystems  Evaluation 

Recipients  of  FTC-TR-71-37,  Nov  71  and  Mar  72 

This  report  is  a  part  of  and  should  remain  attached  to  FTC-TR- 
71-37,  UH-1N  Airframe  and  Subsystems  Evaluation.  The  paragraph 
numbers  below  correspond  to  recommendations  in  the  AFFTC  Technical 
Report. 

1.  Concur  with  intent.  Investigative  and  corrective  actions 
which  began  with  receipt  of  UMRs  will  be  completed  according 
to  normal  procedures. 

2.  Concur  with  intent.  ASD  will  investigate  this  recommendation 
in  light  of  LAU-59A  replacement  by  the  LAU-68A/A  and  will  then 
incorporate  the  required  information  in  the  appropriate  manuals. 

3.  Concur  with  intent,  but  not  with  recommended  action.  The 
lightweight,  inherently  simple  design  of  the  UH-1N  skid  system 
makes  ground  handling  more  difficult  to  seme  extent.  The 
airframe  contractor  has  investigated  and  proposed  several 
unsatisfactory  solutions  to  this  problem.  ASD  plans  no  further 
action  without  a  substantiated  user  requirement.  The 
recommendation  snould  be  considered  in  future  helicopter 
procurement,  if  applicable. 

4.  Do  not  concur.  The  present  configuration  is  optimum  to 
provide  maximum  protection  to  the  pilot  and  copilot.  Any 
substantial  change  would  tend  to  degrade  the  protection 
provided.  No  adverse  comments  on  this  system  have  been 
received  from  any  operator.  The  anticipated  costs  associated 
with  this  recommendation  would  not  be  commensurate  with  the 
benefit  to  be  derived.  ASD  plans  no  further  action  without 

a  user  requirement.  The  "universal"  armored  seat  (under 
development  for  the  UH-1/H-3/H-53)  should  be  considered 
for  future  procurements,  if  applicable. 

5.  Concur  with  intent;  The  UH-lN  Survivability/Vulnerability 
(S/V)  study  considered  additional  armor  plate  protection  for  the 
redundant  hydraulic  tail  rotor  components  in  the  transmission 
compartment.  ASD  is  awaiting  direction  and  funding  for  S/V 
changes. 
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6.  Concur  with  intent.  ASD  has  initiated  action  to  incorporate 
the  required  information  in  the  appropriate  aircraft  manuals. 

7.  Concur  with  intent.  ASD  has  requested  an  Engineering  Change 

Proposal  (ECP  566R2)  which,  in  part,  provides  the  capability  to 
illuminate  the  generator  caution  light  any  time  the  start  switch 
is  engaged.  ' 

8.  Concur  with  intent.  ASD  has  procured  an  ECP  to  provide  positive 
closure  lock  of  the  rescue  hoist  hook  using  a  "pip  pin". 

9.  Concur  with  intent,  but  not  with  recommended  action.  ASD 
will  change  procedures  to  pre-position  the  non-essential  bus 
switch  to  MANUAL  before  using  the  hoist.  Modification  is  not 
warranted,  so  long  as  electrical  power  is  assured. 

10.  Concur  with  intent.  ASD  is  investigating  the  incorporation 
of  a  "cat-eye"  cover  over  the  light  for  dimming  purposes. 

11.  Concur  with  intent.  Published  information  provides  for 
safe  operational  limits  at  the  most  stringent  condition 
specified  in  the  hoist  procurement.  ASD  will  attempt  to  obtain 
additional  information  to  clarify  limits  for  reduced  loads 

and  incorporate  in  the  appropriate  aircraft  manuals. 

12.  Concur  with  intent.  ASD  has  requested  WRAMA  publish 
criteria  for  a  one-time  inspection  of  all  components  in  the 
suspect  loudspeaker  systems. 

13.  Concur  with  intent.  ASD  will  request  the  responsible 
contract  administration  agency  to  institute  improved  quality 
control  procedures  and  functional  checks  during  acceptance 
tests  for  any  future  procurement  of  this  system. 

14.  Do  not  concur.  After  extensive  field  use,  the  operator 
has  expressed  satisfaction  with  the  loudspeaker  kit.  ASD  plans 
no  further  action  without  a  substantiated  user  requirement. 

15.  Concur  with  intent.  See  GENERAL  COMMENT  at  the  close  of 
this  Addendum  Report.  No  additional  program  funds  are  available 
for  such  extensive  changes  (which  exceed  the  scope  of  the  UH-1N 
procurement  program).  The  user  must  substantiate  the  requirement 
for  preselected  channel  capability  (as  a  formal  ROC)  for  separate 
direction  and  funding. 
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16.  Concur.  ASD  has  further  defined  the  operation  of  the  VHF-FM 
homing  function  in  the  flight  manual  (change  1,  dated  15  October 
1971). 

17.  Concur  with  intent.  Since  the  ID-387/ARN  (AERNO  81-3386)  is 
government  furnished,  ASD/SDQH  will  forward  the  recommendation 

to  the  appropriate  procuring  activity  for  consideration. 

18.  Concur.  The  modified  UH-1D  antenna  kit  was  deficient  as 
installed  on  the  UH-1N.  The  standard  UH-1N  kit  is  designed  to 
avoid  contact  with  the  cargo  door.  ASD  plans  no  further  action 
on  this  recommendation,  unless  the  users  report  interference 
with  the  UH-1N  kit. 

19.  This  recommendation  was  complied  with  by  the  AFFTC  Test  Team 
after  publication  of  the  November  1971  basic  report,  and  results 
were  published  in  AFFTC  Addendum  to  FTC-TR-71-37,  March  1972. 

ASD  concurs  with  the  latter  recommendation  (which  superseded 
original  recommendation  19).  ASD  will  initiate  action  to 
incorporate  the  required  information  in  the  appropriate 
aircraft  manual. 

20.  Concur  with  intent.  ASD/SDQH  has  forwarded  this  recommendation 
to  the  Life  Support  SPO  for  consideration. 

21.  Concur  with  intent.  ASD  has  initiated  action  to  incorporate 
the  required  information  in  the  appropriate  manuals. 

22.  Do  not  concur.  As  stated  in  ASD  Addendum  to  FTC-TR-71-3P>> 
"Present  location  of  the  magnetic  compass  which  was  dictated  by 
the  aircraft  magnetic  field  is  optimum,  considering  the  standby 
function  of  the  instrument". 

23  through  25.  Do  not  concur.  The  discrepancies  cited  were 
not  encountered  during  Category  I  Avionics  Tests.  Overall 
system  performance  is  acceptable.  Further  testing  is  beyond 
the  scope  of  the  UH-1N  procurement  program  without  a  substantial 
user  requirement  for  greater  accuracy.  ASD  plans  no  further 
action  without  direction  and  funding  for  user  requirement,  if 
any. 

26  and  27.  Concur  with  intent.  ASD  has  initiated  action  to 
incorporate  the  required  information  in  the  appropriate  aircraft 
manuals , 

28.  Do  not  concur.  After  discussion  at  the  Cockpit  Review,  the 
present  location  was  approved  as  optimum  without  major  instrument 
panel  reconfiguration. 


29.  Concur.  ASD/SDQH  has  procured  airframe  ECP  580R1  to  provide 
the  required  power. 

30.  Do  not  concur.  Various  alternate  locations  (for  accessibility) 
discussed  during  the  Cockpit  Review  and  System  Safety  Review  are 
not  feasible. 

31.  Concur,  ASD  will  request  an  ECP  to  correct  this  deficiency. 

An  additional  IFF  antenna  and  SA-1474/A  switching  unit  may  be 
required. 

32.  Concur  with  intent.  An  active  engine  product  improvement  program 
(PIP)  has  resulted  in  several  changes  which  contribute  to  propulsion 
system  reliability.  For  the  electrical  system,  two  ECP  actions  are 

in  progress;  ECP  566R2  adds  a  30VA  inverter  for  improved  battery 
start  capability,  and  ECP  644  is  designed  to  imp-rove  generator 
load  sharing  to  avoid  unwarranted  off-line  conditions.  For 
communications  equipment,  ASD  has  approved  ECP  616  to  incorporate 
cooling  in  the  center  console  which  should  improve  component 
reliability.  Other  than  these  specific  actions  (and  the  engine 
PIP),  ASD  has  no  "continuous"  effort  to  improve  reliability  of 
these  miscellaneous  subsystems.  Reliability  of  weapons  systems 
that  are  out  of  production  is  a  logistic  function.  Operators 
roust  document  sufficient  failures  to  reach  statistical  "thresh- 
hold  of  significance"  for  reliability  projects  to  be  established^ 
by  AFLC.  Reliability  considerations  should  be  included  in 
future  helicopter  procurements,  if  applicable. 

33.  Concur.  Recommendation  should  be  considered  in  any  future 
helicopter  procurement,  if  applicable. 

34.  Concur.  ASD  has  requested  corrective  action  by  WRAMA  via 
TCTO  method. 

35.  Do  not  concur.  No  adverse  comments  or  URs  on  this 
component  have  been  received  from  any  operator.  If  field 
experience  justifies  corrective  action  at  a  later  date,  then 
this  recommendation  should  be  considered  in  future  helicoDter 
procurement,  if  applicable. 

36.  Concur  with  intent.  ASD  will  initiate  action  to  amplify 
instructions  in  aircraft  manuals  in  lieu  of  ECP  action  for 
placards. 

37.  Concur  with  intent.  However,  no  adverse  comments  have 
been  received  from  any  operator.  ASD  plans  no  further  action 
without  user  requirement. 

38.  Concur.  Recommendation  should  be  considered  in  any  future 
helicopter  procurement,  if  applicable. 
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39.  Concur  with  intent.  This  will  be  covered  in  forthcoming 

NDI  Manual.  Additional  corrective  action  may  involve  incorporating 
precautionary  information  in  maintenance  procedures. 

40.  Concur  with  intent.  Due  to  lack  of  field  input,  retrofit 
by  ECP  for  this  minor  change  is  not  warranted.  The  costs 
associated  with  this  change  are  not  commensurate  with  the 
benefit  to  be  derived. 

41.  Do  not  concur.  Other  external  grounding  receptacles  are 
available.  The  forward  grounding  receptacle  is  located  to 
facilitate  avionics  maintenance  in  the  nose. 

42.  Do  not  concur.  Anticipated  costs  for  additional  metal 
protection  are  not  commensurate  with  system  benefit. 

Recommendation  should  be  considered  in  future  procurements, 
if  applicable. 

43.  Concur  with  intent,  but  not  with  recommended  action. 

No  adverse  comments  on  this  feature  have  been  received  from 
any  operator.  The  procurement  of  additional  AGE  for  this 
purpose  is  not  justified.  ASD  plans  no  further  action  without 
a  substantiated  user  requirement. 

44  and  45.  Concur  with  intent,  but  not  with  recommended  action. 

No  adverse  comments  have  been  received  from  using  commands. 

The  costs  associated  with  such  changes  are  not  commensurate 
with  anticipated  benefit.  ASD  plans  no  further  action  without 
operational  requirement, 

46.  Concur  with  intent,  but  not  with  entire  recommendation. 

As  stated  in  ASD  Addendum  to  FTC-TR-71-36,  "Pursuant  to 
safety  of  operation  such  recommendations  are  incomplete 
without  specific  (minimum)  number  of  handgrips  with  required 
dimensions  and  locations.  Consideration  will  include  flight 
safety,  survivability,  and  degradation  of  presently  available 
cargo  area.  Action  is  withheld  pending  receipt  of  user 
requirement.  Recommendation  should  be  considered  in  future 
procurement,  if  applicable". 

47.  Concur  with  intent.  ASD  will  investigate  incorpo ration 
of  a  dual  filament  bulb  in  the  operator  handgrip. 

48.  Concur  with  intent.  ASD  has  initiated  action  to  incorporate 
the  required  changes  in  the  appropriate  aircraft  manual  and  to 
remove  the  misleading  decal. 
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49.  Concur.  This  quality  control  problem  (observed  early  in 
production)  has  been  corrected* 

50.  Concur  with  intent.  This  has  been  a  continuing  problem 
with  labels  in  an  oily  environment.  Labels  should  be  replaced 
when  deteriorated,  and  may  be  overcoated  at  the  user's  option. 

51.  Do  not  concur.  No  adverse  comment  on  this  feature  has  been 
received  from  any  operator.  The  procurement  of  additional  AGE 
for  this  purpose  is  not  justified.  ASD  plans  no  further  action 
without  user  requirement. 

52.  Do  not  concur.  The  rotor  hub  balancing  kil  is  designed 
for  use  on  a  leveling  table. 

53.  Do  not  concur.  No  adverse  comments  on  this  feature 
have  been  received  from  operational  units.  Procurement  of 
additional  AGE  for  this  purpose  is  not  justified  without 
further  field  input. 

/ 

54.  Concur,  "'his  requirement  is  established  in  existing 
directives. 

55.  Concur  with  intent.  mSD  has  initiated  action  to 
incorporate  the  required  information  in  the  appropriate 
aircraft  manuals. 

56.  Concur  with  intent,  but  not  with  recommended  action. 

Noise  reduction  modifications  to  the  grenade  launcher  are 

not  feasible  within  the  original  scope  of  the  UH-1N  acquisition 
program.  This  recommendation  should  be  considered  in  future 
procurements,  if  applicable, 

57  and  58.  Concur  with  intent.  ASD  has  initiated  action  to 
incorporate  the  required  information  in  the  appropriate  manuals. 

GENERAL  COMMENT:  Procurement  of  the  UH-lN  as  an  "off-the-shelf" 
helicopter  was  directed  by  USAF  with  a  fixed  schedule  for  rapid  * 
deployment  to  SEA.  Incorporation  of  the  new  T-400  engine  which 
required  initial  flight  rating  and  extensive  qualification  tests, 
demanded  a  major  airframe  development  effort  during  the  acquisition 
of  a  "production"  aircraft.  In  addition,  the  original  major  user 
(TAG)  needed  an  integrated  armament  system  for  the  Special  Operations 
mission,  which  also  required  development  and  extensive  qualification 
testing.  To  deploy  on  time  (Nov  70),  the  program  direction  dictated 
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accelerate  ''  Cast  and  production  schedules.  (All  operational  aircraft 
were  deliv* > ad  within  eight  months,  ending  April  71).  Despite  maximum 
acceleration  of  testing,  the  directed  combat  deployment  preceded  com¬ 
pletion  of  tests.  As  a  result  of  program  schedules  (and  with  the 
exception  of  early  safety-of -flight  deficiencies  which  were  corrected 
in  production'  .  fixes  for  test/opera fcional  discrepancies  require 
costly  retrofit  changes  by  TCTO.  The  user  has  accumulated  extensive 
operational  experience  with  the  existing  system  prior  to  completion 
tests  idertifying  discrepancies;  consequently,  ASD  action  on  test 
r  com-’endatior.  s  considers  current  user  requirements  determined  by 
operational  experience,  in  some  cases, the  costs  associated  with 
desire.1  cb  nges  may  not  be  commensurate  with  the  system  benefit  or 
>vi  ’h  c  ority  o*  user's  mission-oriented  requirements.  For 
info*, .  ,  the  realisation  of  aircraft  to  MAC  has  made  ARRS  the 
majoi.  •>  ~r  and  has  significantly  reoriented  mission  requirements. 

Also,  some  test  recommendations  exceed  the  scope  of  the  UH-1N  program 
and  should  be  considered  £  1  future  procurements,  if  appropriate. 

M  R  THE  COMMANDER 
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WILLIAM  D,  EASTMAN,  JR.,  Lt  Col,  USAF 
Chief,  Helicopter  Programs  Division 
Directorate  of  Combat  Systems 
Deputy  for  Systems 
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FOREWORD 


The  tests  described  in  this  addendum  were  conducted  at  the  Air  Force 
Flight  Test  Center  to  evaluate  the  radiation  pattern  of  the  long  wire 
antenna  used  on  the  high  frequency  radio  set  of  UH-1N  aircraft.  The  tests 
were  conducted  subsequent  to  the  UH-1N  Category  II  airframe  and  subsystems 
evaluation  (reference  1)  because  difficulties  with  the  HF  impedance  match¬ 
ing  network,  CU-1658A,  precluded  completion  of  the  test  on  UH-1N  S/N 
69-6610.  A  two-flight  evaluation  was  conducted  with  UH-1N  S/N  68-10774 
to  obtain  the  data  presented  in  this  addendum.  This  addendum  completes 
the  testing  of  the  AN/ARC-102  high  frequency  radio  set.  The  tests  were 
authorized  by  AFFTC  Project  Directive  69-49B.  Mr.  John  Somsel  was  the 
project  officer,  and  the  project  pilot  was  Major  Edward  B.  Russell. 


Prepared  by: 


dftJ 

'  ALFRED  H.  BOYB^7 
Systems  Project  Engineer 


Reviewed  and  approved  by: 

18  FEBRUARY  1972 


Colonel,  USAF 

Commander,  6510th  Test  Wing 


ROBERT  M.  WHITE 
Brigadier  General,  USAF 
Commander 


INTRODUCTION 


EQUIPMENT  DESCRIPTION 

The  AN/ARC-102  high  frequency  (HP)  receiver-transmitter  set  provided 
transmission  and  reception  of  single-side-band,  AM  and  CW  signals  within 
the  HF  range  of  2,000.0  to  29,999.9  kHz  on  any  of  280,000  channels. 

The  HF  set  provided  long  range,  two-way  communciation  for  air-to-air  and 
air-to-ground  communications.  The  set  consisted  of  the  following  units: 
receiver-transmitter  unit,  RT  698/ARC-102,  power  inverter,  PP-3702/ARC- 
102,  HF  control  unit,  C3940/ARC-94,  HF  impedance  matching  network,  CU- 
1658A  (antenna  coupler) ,  and  antenna  kit  BHC  P/N  212-706-004  (HF  long 
wire)  mounted  along  the  tail  boom  of  the  helicopter.  Primary  power  to 
operate  the  receiver-transmitter  set  was  supplied  from  the  aircraft  28 
vdc  essential  bus. 


TEST  OBJECTIVE  AND  METHOD 

The  test  objective  was  to  determine  antenna  radiation  patterrs  of 
the  HF  receiver-transmitter  set  at  six  frequencies  spread  throughout  the 
spectrum  covered  by  the  AN/ARC-102  HF  receiver-transmitter  set. 

The  aircraft  was  flown  in  a  circular  pattern  at  2,500  feet  AGL,  12 
NM  west  of  the  ground  receiving  station  at  a  near  hover  airspeed  over  a 
ground  reference  point.  Using  this  flight  procedure,  the  aircraft  could 
be  quickly  placed  on  any  desired  heading. 

The  antenna  pattern  was  measured  by  transmitting  a  carrier  in  the 
AM  mode  when  the  aircraft  was  on  each  of  12  headings  starting  at  360 
degrees  and  proceeding  through  030,  060,  090,  etc.  The  signal  strength 
for  each  heading  was  recorded  at  the  ground  station  and  plotted. 
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TEST  AND  EVALUATION 


FUNCTIONAL  ANALYSIS 

The  signal  strength  recorded  at  the  ground  receiving  station  was  a 
function  of  aircraft  transr, utter  power,  transmitter  antenna  directional 
characteristics,  and  the  frequency  selected.  The  transmitter  power  was 
assumed  constant  on  any  frequency;  however,  it  varied  when  the  test  fre¬ 
quency  changed.  The  efficiency  of  the  transmitting  antenna  was  a  function 
of  frequency  and  bearing  of  the  ground  receiving  station  from  the  aircraft. 
On  any  test,  the  frequency  was  constant  and  aircraft  heading  was  the  con¬ 
trolled  test  variable.  The  ground  receiving  station  was  not  calibrated 
for  field  intensity  and  thus  could  give  only  relative  signal  strength  in¬ 
formation.  For  these  reasons  the  maximum  signal  strength  (microvolts) 
for  each  frequency  was  used  as  a  zero  db  reference,  and  the  patterns  were 
plotted  in  db  below  this  maximum  level  as  shown  in  figures  1  through  6. 

The  antenna  radiation  patterns  were  essentially  non-directional 
with  pattern  nulls  of  2.67,  3.35  and  2.86  db,  respectively,  on  frequen¬ 
cies  3,376,  3,890,  and  7,110  kHz.  More  pronounced  pattern  nulls  of  8.09, 
9.40,  and  7.75  db,  respectively  occurred  on  frequencies  14,100,  18,005 
and  21,100  kHz.  The  bearing  of  antenna  pattern  nulls  were  different  for 
each  frequency  tested.  However,  in  all  cases  the  signal  strength  im¬ 
proved  at  a  bearing  of  90  degrees  from  the  pattern  nulls. 
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CONCLUSIONS  AND 
RECOMMENDATIONS 


The  overall  antenna  patterns  were  acceptable  on  all  frequencies 
tested.  However,  the  nulls  on  the  higher  frequencies  were  significant 
and  could  cause  communication  difficulties  (weak  signal  strength)  if  the 
station  was  on  the  same  relative  bearing  from  the  aircraft  as  the  pattern 
null. 

1.  If  communication  difficulties  (weak  signal  strength)  are  encountered, 
changing  the  aircraft  heading  by  90  degrees  may  improve  the  trans¬ 
mitter  and  receiver  signal  strength.  This  information  should  be 
included  in  T.O.  1H-1(U)N-1,  the  UH-1N  helicopter  Flight  Manual. 
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FOREWORD 


This  report  presents  systems  evaluations  and  operational  analyses 
of  airborne  subsystems  carried  out  during  Category  II  testing  of  the 
UH-lN  helicopter  at  the  AFFTC.  The  program  was  conducted  under  the 
authority  of  AFR  80-14  and  was  requested  by  ASD  ( ASZTH)  letter,  subject 
"UH-lN  Category  II  Testing  by  AFFTC",  dated  21  August  1969.  It  was 
authorized  by  AFFTC  Project  Directive  69-49,  dated  February  1969,  under 
Program  Structure  443N. 

The  following  named  personnel  contributed  to  the  Category  II  sub¬ 
systems  evaluation  covered  in  this  report: 


Communications  Engineer  -  Mr.  Russell  D.  Brown 
Navigation  Engineer  -  Mr.  Alfred  H.  Boyd 

Reliability  and  Maintainability  Engineer  -  Robert  H.  Crutcher, 
Staff  Sergeant,  USAF 

Personnel  Subsystems  -  Richard  S.  Dunn,  Captain,  USAF 


Foreign  announcement  and  dissemination  by  the  Defense  Documentation 
Center  are  not  authorized  because  of  technology  restrictions  of  the  U.S. 
Export  Control  Acts  as  implemented  by  AFR  400-10. 

Prepared  by:  Reviewed  and  approved  by: 

13  October  1971 


HUGH  M.  HELMICK 
Captain,  USAF 
Project  Engineer 


JAMES  W.  WOOD 
Colonel,  USAF 

Commander,  6510th  Test  Wing 


EDWARD  B.  RUSSELL 
Major,  USAF 
Project  Pilot 


ROBERT  M.  WHITE 
Brigadier  General,  USAF 
Commander 


UH-1N  subsystems  tests  were  flown  with  three  Category  II  test  heli¬ 
copters.  The  aircraft  was  found  capable  of  performing  its  mission  ade¬ 
quately.  The  airframe,  fuselage  compartment,  flight  controls  and  electric 
utility  system  were  found  to  be  generally  acceptable.  Mechanical  tail  ro¬ 
tor  pitch  control  problems  and  crew  reach  difficulties  with  seat  armor  in¬ 
stalled  were  notable  exceptions.  The  rescue  hoist  and  cargo  suspension 
unit  operated  satisfactorily.  The  loudspeaker  system  kit  proved  largely 
ineffective  even  after  correction  of  circuitry  problems.  Early  VHF-AM 
and  UHF  communications  shortcomings  were  effectively  corrected  by  a 
TCTO.  The  AN/ARC-102  receiver- transmitter  became  inoperative  and  did 
not  become  operational  in  time  for  completion  of  tests.  Most  other 
avionics  equipment,  including  navigation  aids,  proved  satisfactory  al¬ 
though  specifications  for  such  equipment  often  were  not  met.  Reliability 
and  maintainability  figures  for  onboard  systems  were  determined.  The 
powerplant,  transmission,  electrical  power,  flight  instruments,  VHF-AM 
transceiver,  tacan  and  UHF-DG  systems  were  identified  as  reliability 
problem  areas.  Engine  access  was  difficult  and  time  consuming  and 
changes  to  engine  cowling  and  baffle  fasteners  were  recommended. 
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INTRODUCTION 


This  report  presents  results  of  the  UH-1N  Category  II  airframe  and 
subsystems  evaluation  conducted  at  AFFTC  between  14  October  1970  and  16 
August  1971.  The  systems  evaluation  program  was  completed  in  87  flights 
totaling  124.9  hours  on  UH-1N  aircraft  S/N's  69-6610,  68-10774,  and  68- 
10776.  Propulsion  and  armament  subsystems  test  results  are  published 
in  references  1  and  2.  Other  portions  of  the  test  program  outlined  in 
the  UH-lN  Category  II  Systems  Test  Plan  (reference  3)  were  considered- 
better  suited  to  completion  during  climatic  phases  of  the  test  program 
and  have  been  or  will  be  presented  in  the  all-weather  reports.  These 
tests  include: 

1.  Appendix  A-4,  Section  I,  paragraph  B-4,  Water  Leakage  Test 

2.  Appendix  A-4,  Section  V,  Environmental  Control  and  Protection 

3.  Appendix  A-6,  Mission  Profiles 

Results  of  other  UH-lN  tests,  including  icing,  tropical,  climatic  labora¬ 
tory,  desert  climatic,  performance  and  flying  qualities  evaluations  are 
listed  as  references  4  through  10.  The  remaining  unpublished  climatic 
reports  will  contain  any  further  significant  developments  in  the  areas 
discussed  in  this  report. 

The  Air  Force  Preliminary  Evaluation  of  the  UH-lN  (reference  10) 
contains  conclusions  and  recommendations  concerning  many  of  the  areas 
covered  in  this  report.  Those  not  yet  acted  upon  or  otherwise  affected 
are  still  applicable  and  should  be  implemented.  They  will  not  be  re¬ 
iterated  here.  (Rl)1 


Boldface  numerals  preceded  by  an  R  correspond  to  the  recommendation  numbers  tabulated  in  the 
Conclusions  and  Recommendations  section  of  this  report. 
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PROGRAM  OBJECTIVES 


The  objectives  of  the  system  evaluation  program  (SEP)  were  to  fly 
the  UH-1N  under  operational  conditions  to  determine  the  functional  ade¬ 
quacy,  operational  limitations,  and  reliability  and  maintainability  fig¬ 
ures  for  the  aircraft  systems.  These  objectives  were  to  be  attained  in 
compliance  with  Section  B,  Part  6  of  AFR  80-14,  24  February  1967. 

AIRCRAFT  DESCRIPTION 

The  UH-1N  helicopter  was  the  military  version  of  Bell  Helicopter 
Company's  commercial  Model  212  which  was  developed  from  the  U.S.  Army 
UH-lD .  The  primary  mission  of  the  UH-1N,  termed  the  special  operational 
forces  (SOF)  mission,  consisted  of  counterinsurgency,  unconventional 
and  psychological  warfare  operations .  It  was  further  intended  for  ser¬ 
vice  in  logistical,  airfield  security  personnel  transport,  rescuo  and 
medical  evacuation  roles . 

The  UH-1N  featured  reduced  main  and  tail  rotor  tip  thickness,  trac¬ 
tor  tail  rotor  operation,  and  provisions  for  the  SOF  mission  kits,  in¬ 
cluding  armament,  rescue,  and  psychological  warfare  subsystems.  The 
aircraft  was  powered  by  a  T400-CP-400  power  package  consisting  of  two 
PT6T-4  free  turbine  engines  coupled  through  a  combining  qearbox  to  the 
main  transmission.  Load  sharing  and  single  engine  operation  were  possi¬ 
ble  with  this  power  system.  The  helicopter  had  a  maximum  forward  air¬ 
speed  of  130  knots,  and  a  maximum  gross  weight  of  10,500  pounds,  depend¬ 
ing  on  flight  conditions .  Further  descriptive  information  may  be  found 
in  T.O.  1H-1 ( U) N-l  (reference  11). 


TEST  AND  EVALUATION 


This  section  presents  test  results  listed  under  subsystem  title. 

Eacn  subsystem  evaluation  contains  a  brief  hardware  description,  test 
objectives,  ground  and  flight  test  results,  and  conclusions  and  recom¬ 
mendations  . 

Only  major  deficiencies  or  those  areas  not  considered  adequately 
documented  elsewhere  are  discussed  in  the  following  sections.  Unsatis¬ 
factory  materiel  reports  (UMR's)  were  submitted  per  T.O.  00-35D-54  (ref¬ 
erence  12) .  UMR's  listed  in  appendix  I  do  not  include  those  submitted 
in  other  UH-1N  technical  reports .  Additional  information  on  UMR  action 
status  can  be  obtained  from  ASD  (SDQH)  ,  Wright-Patterson  AFB ,  Ohio  45433. 
Specific  recommendations  in  each  UMR  are  not  necessarily  repeated  in  the 
Conclusions  and  Recommendations  section.  Those  deficiencies  cited  in 
UMR's  which  remain  open  should  be  acted  upon.  (R  1) 

Evaluations  of  aerospace  ground  equipment  (AGE)  were  made  during 
normal  usage.  Specific  tests  were  not  conducted,  but  use  of  this  equip¬ 
ment  was  monitored  by  personnel  subsystems  test  and  evaluation  (PSTE)  and 
engineering  personnel.  Specific  AGE  deficiencies  are  discussed  in  the 
body  of  the  report.  Reliability  and  maintainability  (R&M)  of  the  UH-1N 
were  evaluated  on  a  subsystems  monitor  basis  throughout  the  program. 


Bases  for  R&M  data  were  derived  from  all  three  aircraft  involved  in  the 
Category  II  program  except  as  noted  in  the  R&M  section  in  this  report. 

AIRFRAME 

General 


Description . 

The  airframe  structure  was  essentially  the  same  as  that  of  other 
UH-1  aircraft.  The  fuselage  consisted  of  two  semi-monocoque  sections. 
These  were  the  forward  fuselage  section  and  the  tail  boom.  The  forward 
fuselage  was  built  up  around  two  longitudinal  beams.  These  were  the 
primary  structural  members  in  the  aircraft,  supporting  the  cabin  floor, 
alighting  skids,  transverse  bulkheads,  propulsion  components,  and  tail 
boom.  Aluminum  was  the  primary  construction  material  with  fiberglass 
being  used  in  selected  components  such  as  fairings.  The  tail  boom 
supported  the  tail  rotor,  vertical  fin,  synchronized  elevator,  and  tail 
skid. 


Test  Objectives. 

The  objectives  of  the  airframe  evaluation  were  to: 

1.  Monitor  any  important  aircraft  structural  failures  caused  by  fatigue, 
abrasion,  or  corrosion. 

2.  Determine  any  serious  problems  encountered  in  changes  from  the  pre¬ 
vious  UH-1  models,  including  personnel  subsystems  areas. 

3.  Determine  the  adequacy  of  airframe  AGE  equipment. 

Test  and  Evaluation. 

No  tests  were  specifically  conducted  for  airframe  components.  Mainte¬ 
nance  efforts  on  the  airframe  were  monitored  throughout  the  program.  An 
analysis  of  airframe  maintenance  requirements  is  included  in  the  R&M  sec¬ 
tion  of  this  report.  Human  engineering  evaluations  are  included  in  the 
PSTE  section  of  this  report. 

Specific  Deficiencies. 

Ground  handling  of  the  UH-1N  was  often  difficult  and  time  consuming. 
i.\e  ground  handling  wheels  were  a  source  of  trouble  for  the  ground  crew 
due  to  the  frequent  need  to  repair  the  hydraulic  lift  system  in  each 
wheel  pair.  Interference  between  the  LAU-59A  rocket  launch  system  and 
the  wheels  required  the  reversed-position  installation  of  wheels  (as  com¬ 
pared  to  instructions  in  reference  13) .  Instructions  for  mounting  the 
ground  handling  wheels  should  be  supplemented  to  allow  reversed-position 
installation.  (R  2) 

With  wheels  installed,  a  ground  crew  member  was  required  to  depress 
the  tail  skid  to  raise  the  front  of  the  alighting  skids  clear  of  the  pave¬ 
ment.  This  required  up  to  150  pounds  cf  downward  force,  depending  on 
aircraft  eg.  Ground  movement  over  long  distances,  required  continuous 
manual  depression  of  the  tail  skid  making  movement  slow  and  tedious.  The 
ground  handling  system  should  be  improved  to  facilitate  more  rapid  move¬ 
ment  of  the  aircraft.  (R  3) 
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Armor  panels  on  pilot  and  copilot  seats  interfered  with  entry  and 
egress  from  the  aircraft  as  well  as  inflight  crew  functions.  Normal 
entry  and  egress  to  either  seat  was  difficult  and  time  consuming.  Crew¬ 
members  equipped  with  back-pack  parachutes  found  egress  a  precarious 
operation.  This  was  especially  difficult  from  the  left  side  of  the  cock¬ 
pit,  where  the  copilot  had  to  clear  the  collective  lever  as  well  as 
armor.  Simulated  emergency  egress  from  this  seat  required  an  average 
of  25  seconds. 

Armored  seats  also  presented  clearance  problems  associated  with  the 
use  of  the  collective  levers  and  both  pilot's  and  copilot's  access  to 
the  pedestal  console  and  the  overhead  circuit  breaker  panel.  Control 
reach  in  all  three  areas  required  abnormal  effort  for  all  personnel  who 
flew  the  aircraft,  with  the  most  severe  problem  being  experienced  by 
short  individuals  who  normally  had  to  fly  with  their  seats  moved  forward. 
These  persons  had  to  move  their  seats  back  to  reach  aft  console  controls 
and  circuit  breakers.  Seat  armor  should  be  modified  to  correct  these 
problems.  Hinged  side  seat  panels  are  a  possible  solution.  (R4) 

Flight  Controls  and  Hydraulics 

Description. 

Main  and  tail  rotor  controls  were  actuated  through  mechanical 
linkages  by  a  mechanical-hydraulic  boost  system.  The  hydraulic  boost 
was  effected  by  two  independent  systems  operating  parallel  to  each  other 
for  system  redundancy.  In  event  of  dual  hydraulic  failure,  shut-off 
valves  retained  hydraulic  fluid  inside  the  actuators  to  allow  continued 
manual  inputs  to  aerodynamic  controls.  The  tail  rotor  boost  was  supplied 
by  only  one  of  the  two  systems.  A  complete  description  of  the  system  can 
be  found  in  references  11  and  13. 
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Test  Objectives. 

Test  objectives  were  to: 

1.  Determine  the  cause  and  effect  of  any  significant  flight  control 

malfunctions . 

2.  Determine  vulnerability /survivability  of  flight  controls. 

Test  and  Evaluation. 

Operation  of  the  flight  control  system  was  monitored  during  normal 
use  throughout  the  Category  II  program. 

Specific  Deficiencies. 

All  three  Category  II  aircraft  had  tail  rotor  pitch  control  diffi¬ 
culties  during  the  program.  In  each  case,  rudder  pedal  stiffness  and 
binding  occurred  in  flight.  Pedal  reaction  was  described  as  "momentary 
lock-up".  In  all  three  cases,  the  lower-aft  bearing  of  the  tail  rotor 
pitch  control  lever  part  number  (P/N  209-011-712-1)  was  found  in  a  seized 
condition.  UMR's  R71-79  (open)  ,  R71-252  (open) ,  and  R71-257  (open)  were 
submitted.  Similar  pedal  binding  symptoms  occurred  on  aircraft  774  and 


610  when  tail  rotor  pitch-change  push  tubes  (P/N  209-011-710-5;  evidenced 
a  buildup  of  dirt  and  corrosion.  Another  tail  rotor  deficiency  was  dis¬ 
covered  during  a  200-hour  phase  inspection  of  aircraft  776  when  abrasion 
was  found  on  a  push  tube  (P/N  212-001-052-1) .  This  had  been  caused  by  a 
Teflon  guide  intended  to  support  the  tube.  Emergency  UR  E71-336  (open) 
was  submitted. 


Examination  of  system  design  and  layout  indicated  that  hydcaulic 
system  redundancy  would  probably  be  effective  only  for  internal  mechanical 
failures  of  one  of  the  two  systems.  The  proximity  of  hydraulic  system 
components  in  the  transmission  compartment  makes  survival  of  a  single 
system  unlikely  in  event  of  battle  damage.  Armor  plate  protection  of 
this  vital  area  should  be  incorporated.  (R  5) 

Flight  controls  and  the  associated  hydraulic  systems  were  generally 
satisfactory  except  for  the  tail  rotor  problems. 

Electrical  System 

Description. 

The  primary  source  of  electric  power  on  the  UH-1N  was  a  pair  of 
30-vdc,  200-ampere  starter-generators,  each  driven  by  one  of  the  air¬ 
craft  engines .  Each  starter-generator  was  capable  of  supplying  power  to 
start  the  engine  associated  with  the  other  unit.  The  onboard  24-volt, 
34-ampere-hour  battery  or  a  ground  power  unit  could  be  used  for  starting. 
The  battery  could  also  supply  emergency  power  for  a  short  interval.  A 
complete  description  of  the  system  and  its  operation  is  given  in  refer¬ 
ence  11. 

Test  Objectives. 

Objectives  of  the  electrical  system  evaluation  were  to: 

1.  Confirm  proper  operation  of  the  system  design. 

2.  Determine  functional  adequacy  of  the  system  from  an  operational 

standpoint. 


Ground  Tests. 

The  electrical  systems  of  all  three  Category  II  aircraft  were  moni¬ 
tored  during  normal  ground  operations,  including  battery  and  ground  power 
starts.  Engine  starring  current  was  greater  than  the  300  ampere  maximum 
scale  on  dc  ammeters,  but  the  duration  of  this  high  current  was  short 
and  no  adverse  effects  were  observed.  No  other  discrepancies  were  noted 

Flight  Tests. 

Airborne  engine  starts  were  made  during  the  propulsion  phase  of  th j 
program  using  both  battery  and  generator  power  sources.  Airborne  elec¬ 
trical  system  operation  was  monitored  during  all  phases  of  the  program 
and  was  found  adequate.  Switching  functions  and  overload  protection  were 
adequate.  The  overall  aircraft  electrical  system  operation  was  satis¬ 
factory  . 
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Specific  Deficiencies. 

A  generator  balancing  problem  occurred  on  aircraft  774.  It  was 
characterized  by  occasional  spontaneous  loss  of  output  from  either  genera¬ 
tor,  with  the  remaining  unit  assuming  the  full  electrical  load.  Load 
balancing  procedures  described  in  aircraft  T.O.'s  were  accomplished,  but 
did  not  correct  the  malfunction.  Detailed  examination  of  the  balancing 
circuitry  revealed  that  paralleling  rheostats  (P/N  M22-03-0011  UB)  had 
been  wired  in  reverse  by  the  manufacturer.  This  did  not  preclude  proper 
operation,  but  reversed  the  direction  of  the  balance  adjustments.  Re¬ 
versal  of  rheostat  adjustment  direction  eliminated  the  problem.  T.O. 
procedures  in  reference  12  pertaining  to  this  problem  should  be  revised 
to  specify  that  the  control  be  turned  in  the  direction  of  minimum  elec¬ 
trical  resistance.  (R  6) 

When  a  starter-generator  was  being  used  in  the  start  mode,  the  appro¬ 
priate  GEN  light  capsule  in  the  annunciator  panel  extinguished,  regard¬ 
less  of  the  position  of  the  associated  generator  switch.  This  gave  the 
pilot  an  indication  that  the  particular  unit  involved  was  operating  in  the 
generator  mode  when  in  fact  it  was  not.  Pilot  references  to  the  ammeter 
could  clarify  the  situation;  however,  this  detail  might  easily  be  missed 
under  high  workload.  An  example  of  the  potential  hazard  can  be  seen 
during  an  attempted  engine  restart  in  flight.  If  the  pilot  placed  the 
generator  switch  in  the  OFF  position  as  required  by  the  checklist,  sub¬ 
sequent  starter  activation  would  extinguish  the  dc  generator  caution 
light.  If  the  starter  switch  was  not  disengaged  at  50-percent  gas-pro¬ 
ducer  rpm  and  the  engine  was  then  accelerated  to  match  torque  indicators, 
normal  flight  indications  would  return  although  one  starter-generator 
remained  in  the  starter  mode.  The  dc  warning  system  should  be  redesigned 
to  cause  illumination  of  the  generator  caution  light  any  time  a  particular 
generator  is  not  providing  power  to  the  aircraft.  (R 7) 

Auxiliary  Equipment 

The  UH-1N  featured  built-in  provisions  to  accommodate  several  acces¬ 
sory  kits.  These  kits  enabled  the  aircraft  to  perform  the  SOF  missions. 
The  following  items  were  tested  during  the  subsystems  phase  of  the  test 
program. 

Internal  Rescue  Hoist. 

Description 

The  BL8300  rescue  hoist  which  was  tested  was  an  electrically  powered 
device  designed  to  lift  or  lower  up  to  600  pounds  to  a  maximum  of  256 
feet.  The  hoist  consisted  of  a  vertical  column,  winch  with  cable  and 
hook,  boom  and  pulleys,  and  base  plate  with  linear  actuator.  It  could 
be  installed  in  any  of  four  corner  stations  of  the  cargo  compartment. 

In  operation  the  boom  could  be  rotated  between  the  interior  and  exterior 
of  the  aircraft.  This  motion,  and  the  up-down  speed  of  the  cable  were 
controlled  by  switches  on  the  hoist  operator  control  pendant  or  by  a 
control  switch  atop  the  right  cyclic  control  stick.  A  cable-cutting 
guillotine  was  incorporated  into  the  hoist  boom.  In  an  emergency  this 
corld  be  actuated  by  the  hoist  operator  via  CABLE  CUT  switch  located  on 
the  hoist  control  box,  or  by  an  equivalent  switch  on  the  pedestal  con¬ 
sole.  A  system  of  warning  lights  was  incorporated  to  indicate  when  the 
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hoist  was  operating  within  20  feet  of  either  end  of  cable  travel.  Limit 
switches  stopped  cable  motion  at  full  extension  and  retraction. 


Test  Objectives 

The  objectives  of  the  rescue  hoist  test  were  to: 

1.  Confirm  the  proper  operation  of  the  system  as  designed. 

2.  Determine  the  operational  suitability  of  the  system. 

3.  Establish  duty  cycle  information  on  the  hoist. 

Ground  Test 


The  hoist  system  was  installed  in  the  aircraft  in  the  forward  right 
station  of  the  cargc  compartment  (figure  1) .  Ground  power  was  applied 
to  the  aircraft.  All  control  functions  were  exercised,  including  cable 
retraction  and  extension,  and  hoist  boom  translation.  All  control  actions 
were  adequate . 


The  suspension  hook  on  this  hoist  featured  a  two-piece  assembly  in¬ 
tended  to  retain  attached  accessories.  The  main  hook  closure  was  spring 
loaded  in  the  closed  direction  (figures  2  and  3) .  A  safety  clasp  was 
provided  to  prevent  inadvertent  opening  of  the  main  closure.  This  clasp 
was  held  in  place  by  dimples  stamped  into  Its  sides.  These  were  not 
adequate  to  retain  the  clasp  reliably.  With  the  clasp  open,  it  was  found 
that  the  forest  penetrator  could  be  twisted  so  as  to  push  the  main  clos¬ 
ure  aside,  releasing  itself  from  the  hook.  Such  a  condition  is  likely 
to  occur  during  impact  with  the  ground  or  tree  branches,  causing  possible 
loss  of  the  penetrator.  A  positive  locking  hook  closure  should  be  in¬ 
corporated  to  eliminate  this  possibility.  (R  8) 


An  explosive  squib  was  installed  in  the  cable-cutting  guillotine  in 
preparation  for  flight  tests.  Installation  checkout  of  the  electric 
detonation  circuit  showed  it  to  be  operational  from  both  switch  positions. 
No  test  of  the  guillotine  was  attempted.  The  electric  power  for  the 
detonation  of  the  guillotine  squib  was  taken  from  the  nonessential  dc 
bus.  While  nonessential  power  was  always  available  through  manual  switch 
controls,  a  delay  in  hoist  jettison  caused  by  switch  selection  may  not 
be  tolerable  during  an  inflight  emergency.  Electrical  wiring  should  be 
changed  so  that  the  cable-cutting  quillotine  squib  is  fired  by  the  essen¬ 
tial  bus.  (R9) 


Flight  Test 

The  hoist  was  installed  in  the  forward  right  station  (figure  1) . 

Hoist  cable  load  was  provided  in  the  form  of  lead  shot  ballast  weighing 
250  pounds.  The  hoist  motor  was  operated  at  its  highest  speed  during  most 
of  the  test.  Temperature  indicator  tapes  were  located  on  the  hoist  gear¬ 
box  casing  and  drive  motor.  Extension  and  retraction  of  the  hoist  boom 
were  exercised  between  the  lift  cycles.  A  30-second  cooling  period  between 
operations  was  allowed  per  the  Flight  Manual.  One  flight  was  made  per¬ 
forming  a  series  of  hoist  operations  summarized  in  table  I. 
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As  lift  cycling  progressed,  considerable  temperature  rise  was 
observed  in  the  drive  motor  and  gearbox.  These  components  became  too 
hot  to  touch.  During  the  seventh  lift  cycle,  the  gearbox  pressure  re¬ 
lief  vented  a  stream  of  hot  oil  which  narrowly  missed  the  hoist  operator. 
Temperature  of  the  gearbox  at  the  time  was  between  190  and  220  degrees  F. 
The  test  was  terminated  shortly  thereafter  to  investigate  this  problem. 

The  cause  was  determined  to  be  due  to  the  combined  effects  of  gearbox 
oil  over-service  and  the  accumulation  of  heat. 

All  functions  of  the  hoist,  including  both  sets  of  controls,  and 
the  20-foot  warning  light  system  operated  properly  during  the  test. 

The  warning  lights  did  not  have  provisions  for  dimming.  During 
night  operation  the  light  on  the  instrument  panel  would  be  blinding  to 
the  Some  means  for  controlling  light  brightness  should  be 

incorporated.  (R  10) 

The  Flight  Manual  specified  duty  cycle  information  for  600-pound 
loads  only.  This  information  would  be  of  little  use  since  most  hoist 
operations  required  repeated  cycling  at  lower  weights .  This  information 
should  be  expanded  to  include  cycle  limits  for  more  typical  hoist  opera¬ 
tions.  (R  11) 

The  tests  performed  were  not  sufficient  to  fully  satisfy  the  duty 
cycle  objective.  Further  hoist  tests  were  conducted  during  the  desert 
weather  phase  of  the  UH-1N  Category  II  program,  and  results  are  presented 
in  reference  7. 

Loudspeaker  System  Kit. 

Description 

The  SA-1800C  kit  was  a  high-power  sound  system  intended  for  air-to- 
ground  communications.  It  consisted  of  an  RMC-3  remote  control  unit,  a 
DP-3  power  distribution  panel,  three  MA-600  (600-watt)  audio  amplifiers, 
and  a  B24-PT  loudspeaker.  The*  •  components  were  assembled  on  a  frame 
which  was  mounted  on  the  left  -.ide  of  the  UH-1N  cargo  area  via  floor 
receptacles.  The  loudspeaker  could  be  ex' ended  outside  the  aircraft  after 
the  left  cargo  door  had  been  opened  or  removed.  Power  for  the  unit  was 
supplied  from  the  nonessential  bus  by  an  ouulet  provided  in  the  left 
cabin  wall. 

In  operation,  eith  •  a  hand-held  microphone  or  a  Sony  TC-800B  tape 
recorder  could  be  used  as  audio  signal  sources.  Amplitude  of  this  signal 
was  controlled  by  the  RMC-3  control  unit  which  distributed  the  signal  to 
the  three  power  amplifiers.  Outputs  from  the  amplifiers  each  drove  an 
array  of  eight  audio  drivers  within  the  B24-PA  loudspeaker. 

Tr " t  Objectives 

Objectives  of  the  tests  were  to  investigate  operational  suitability 
of  the  system  including  effectiveness  and  proper  operation. 
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Ground  Test 


A  preflight  functional  check  was  made  with  the  system  installed  in 
the  aircraft.  Upon  initial  application  of  power  to  the  system,  the 
LOUD  SPKR  circuit  breaker  on  the  aircraft  circuit  breaker  panel  tripped. 
Inspection  and  bench  checks  revealed  that  the  main  power  leads  to  the 
system  were  reversed  at  the  loudspeaker  power  panel  plug,  causing  a 
direct  short  to  ground.  An  audio  plug  required  for  connection  of  the 
tape  recorder  was  missing.  Disassembly  of  the  system  revealed  loose 
solder,  nuts,  washers,  and  deviations  of  circuitry  from  tecnnical  manual 
diagrams  (reference  14) .  AFFTC  UMR  71-399  (open)  was  submitted. 

After  correction  of  the  above  discrepancies,  bench  test  procedures 
for  adjustment  of  the  system  and  measurement  of  power  output  were  success¬ 
fully  carried  out  using  T.O.  procedures.  It  was  determined  that  at  the 
aircraft  utility  voltage  of  28  vdc,  maximum  combined  power  output  was 
1,520  watts.  Correct  phasing  among  the  speaker  driver  units  was  confirmed. 

Power  output  of  the  system  was  less  than  the  published  value,  but 
was  considered  representative  of  the  full  capabilit  of  the  system.  A 
sound  level  survey  was  made  around  the  aircraft  with  the  SA-1800C  in 
operation.  Results  of  this  test  are  presented  in  the  PSTE  section  of 
this  report. 

The  TC-800B  tape  recorder  failed  during  preparation  of  a  recorded 
message  for  use  in  flight  tests.  Technical  Orders  for  this  machine  did 
not  exist,  nor  was  a  circuit  diagram  available.  It  was  repaired  by  re¬ 
moval  of  miscellaneous  loose  solder  particles  and  washers. 

Flight  Test 

Two  flights  were  made  to  evaluate  the  effectiveness  of  the  system. 
Ground  observers  were  placed  at  a  single  location.  The  area  used  was 
free  of  any  substantial  amount  of  vegetation  or  other  sound  absorbing 
media.  The  aircraft  was  flown  about  the  vicinity  under  varying  conditions 
while  the  SA-100C  was  operated.  Both  microphone  and  tape  recorded  voice 
sources  were  used. 

Any  use  of  SA-1800C  systems  already  manufactured  should  be  preceded 
by  thorough  examination  and  bench  tests.  Future  manufacture  of  the  unit 
should  include  functional  tests  and  improved  quality  control.  (R12)  , 

(R  13) 

Initial  operation  revealed  that  helicopter  flight  noise  was  a 
serious  cause  of  sound  interference  to  listeners  on  the  ground.  Noise 
of  the  UH-1N  was  judged  to  be  approximately  as  loud  as  the  loudspeaker 
system  it  carried.  Subsequent  bench  checks  showed  that  5  of  the  24 
loudspeaker  driver  units  were  inoperative.  Failed  units  had  voice  coil 
lead  failures.  These  were  repaired  and  the  above  stated  power  output 
level  (1,520  watts)  was  confirmed. 

Sound  feedback  with  the  handheld  microphone  caused  early  termina¬ 
tion  of  the  above  test.  An  oxygen  mask  was  modified  and  fitted  to  the 
system  microphone  as  a  measure  to  reduce  audio  feedback.  This  subse¬ 
quently  permitted  an  increase  in  power  level.  Continued  flight  testing 
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showed  some  improvement  in  intelligibility,  although  the  loudspeaker  and 
helicopter  sound  levels  were  still  approximately  equal  in  intensity.  An 
enclosed  anti -feedback  microphone  should  be  incorporated  into  this  sys¬ 
tem.  (R  14) 

Air-ground  communication  was  possible  only  when  the  loudspeaker 
was  aimed  in  the  direction  of  the  listener.  As  a  consequence,  the  most 
practical  flight  pattern  was  a  left-hand  circle  made  at  a  low  airspeed. 
Speech  could  be  heard  up  to  a  radius  of  approximately  one-half  mile  and 
an  altitude  of  500  feet.  Further  increase  of  altitude  or  radius  did  not 
permit  reasonable  message  comprehension. 

High-pitched  voice  material  was  more  easily  understandable  than  low- 
pitched.  Slow  speech  was  essential  for  understanding.  Microphone  and 
tape  recorder  were  judged  equal  in  effectiveness.  Wind  severely  hindered 
system  effectiveness  by  carrying  sound  downwind  and  causing  noise  in  the 
ears  of  listeners. 

Power  output  measurements  indicated  that  the  system  was  operating 
at  or  near  its  rated  capability.  Based  on  this  information  and  test 
observations,  it  was  concluded  that  the  SA-1800C  had  only  very  limited 
operational  usefulness  because  of  short  range.  This  was  primarily  due 
to  the  high  level  of  UH-1N  flight  noise. 

External  Cargo  Suspension  Unit. 

Description 

The  UH-lN  external  cargo  hook  was  a  full  swiveling  and  swinging 
type  attached  near  the  aircraft  eg.  It  featured  manual  release  capa¬ 
bility  available  to  the  pilot,  and  an  electrically  actuated  release 
triggered  by  a  switch  on  both  pilot  and  copilot  cyclic  control  stick 
handles .  Electric  release  was  armed  by  actuation  of  an  overhead  toggle 
switch  marked  CARGO  RELEASE.  Manual  release  was  actuated  by  means  of 
a  footpedal  located  between  the  pilot  directional  control  pedals .  Hook 
lift  design  capability  was  5,000  pounds,  subject  to  aircraft  flight 
limitations . 

Test  Objectives 

Objectives  of  the  cargo  hook  tests  were  to  confirm  proper  operation 
under  load  and  to  determine  if  any  adverse  operational  characteristics 
would  be  encountered  in  the  transport  of  external  loads  via  cargo  hook. 

Flight  Test 

The  aircraft  lifted  and  translated  to  forward  flight  with  concrete 
deadloads  weighing  200,  1,000,  and  2,000  pounds  (figure  4).  All  hook 
release  controls  were  tested.  Release  was  confirmed  with  the  200  pound 
load  deflected  in  all  four  directions  beneath  the  aircraft.  Aircraft 
handling  with  these  loads  was  explored  at  up  to  80  KIAS . 

No  difficulty  was  encountered  in  cargo  operations  from  aircrew  or 
ground  crew  standpoints.  Flight  Manual  and  T.O.  instructions  were  ade¬ 
quate.  All  release  functions  operated  properly.  Good  releases  were 
still  obtained  with  the  hook  load  deflected  out  of  vertical  to  the  limit 


10 


of  the  hook-swing  bumper.  Hook  swivel  about  its  vertical  axis  was  ob¬ 
served  with  all  three  loads.  Operation  of  the  system  was  satisfactory. 


COMMUNICATION  EQUIPMENT 

The  UH-1N  was  equipped  with  three  receiver- transmitter  (RT)  radio 
sets  as  standard  equipment.  These  were  the  AN/ARC-116  ultra-high  fre¬ 
quency  ( UHF-AM) ,  AN/ARC-115  very  high  frequency  (VHF-AM) ,  and  AN/ARC-114 
VHF  frequency  modulation  (VHF-FM) .  Provisions  were  built  into  the  air¬ 
craft  for  the  AN/ARC-102  high  frequency  (HF)  radio  set.  Distribution  of 
onboard  intercommunication,  radio,  and  navigation  audio  signals  was  ac¬ 
complished  by  a  C-6533  intercommunication  system. 

None  of  the  aircraft  communications  radios  had  a  preselect  channel 
selector  capability  or  a  remote  channel/frequency  indicator  on  the  for¬ 
ward  instrument  panel.  There  was  no  capability  to  transmit  on  VHF  or 
UHF  guard  frequencies  (121.5  mHz,  243.0  mHz)  with  absolute  minimum  effort 
in  emergency  situations.  On  the  AN/ARC-115  and  AN/ARC-116  control  panels, 
all  desired  frequencies  (including  guard  frequencies)  had  to  be  set  in 
individually.  This  required  excessive  time  and  effort  by  the  pilot  to 
the  extent  that  the  pilot  capability  to  safely  control  the  aircraft  could 
be  compromised.  The  single-point  guard-transmit  capability  was  considered 
mandatory.  UHF  and  VHF  radios  should  provide  preselect  channel  capability 
including  radio  guard-transmit  channels .  (R  15) 


The  AN/ARC-115  and  AN/ARC-116  systems  originally  shared  a  common 
antenna  system  on  the  UH-1N.  Due  to  unsatisfactory  performance,  the 
antenna  system  design  was  changed  through  Bell  Engineering  Change  Proposal 
(ECP)  56 8E.  This  change  affected  both  RT  units  similarly.  For  this 
reason  and  because  of  similarities  in  testing  of  the  units ,  test  results 
for  both  units  are  presented  together. 

AN /ARC-115  and  AN /ARC-116  Receiver-Transmitters 

VHF-AM  Receiver-Transmitter  AN/ARC-115,  Description. 

The  ARC-115  provided  two-way  amplitude  modulation  (AM)  narrow  band 
voice  communications  on  1,360  frequency-synthesized  digitally-tuned 
channels  between  116.000  and  149.975  megahertz  (mHz) ,  with  a  power  output 
of  approximately  9  watts.  A  separate  guard  receiver  capability  was  in¬ 
cluded  to  monitor  the  121.50  mHz  VHF  emergency  frequency.  Both  of  the 
receivers  were  disabled  during  transmitter  operation.  The  radio  control 
box  was  marked  VHF  AM  COMM  and  was  mounted  on  the  left  side  of  the  pedestal. 
Power  was  supplied  by  the  28-vdc  dc  essential  bus  and  protected  by  a  5- 
ampere  circuit  breaker  identified  as  VHF-AM. 

The  VHF  command  radio  transmitter  and  main  receiver  operated  on  the 
same  frequency  and  were  simultaneously  tuned  by  two  frequency  selector 
knobs  mounted  on  the  front  panel  of  the  AN/ARC-115.  When  the  function 
selector  switch  was  in  the  T/R  GUARD  position  the  fixed-tuned  guard  re¬ 
ceiver  was  energized  to  provide  constant  monitoring  of  the  VHF  emergency 
frequency  regardless  of  the  main  radio  frequency  setting.  The  aircraft 
VHF  antenna  (UHF  VHF  AT-1108  ARC)  was  used  for  transmission  and  reception. 
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UHF-AM  Receiver-Transmitter  AN /ARC -1 16 ,  Description. 

The  ARC-116  was  designed  to  provide  two-way  UHF  amplitude  modulated 
(AM)  voice  communications  on  3500  channels  within  the  frequency  range  of 
225.00  to  399.95  megahertz  (mHz).  Design  power  output  was  approximately 
9  watts.  A  guard  receiver  was  incorporated  in  the  set  and  was  fixed 
tuned  to  243.00  mHz.  Both  receivers  were  disabled  during  transmitter 
operation.  The  radio  set  was  marked  UHF-AM  and  was  a  single  unit  mounted 
on  the  center  pedestal.  Power  was  supplied  by  the  28-vdc  essential  bus 
and  protected  by  a  five  ampere  circuit  breaker  labeled  UHF-AM. 

The  UHF  command  radio  transmitter  and  main  receiver  operated  on  the 
same  frequency  and  were  simultaneously  tuned  by  frequency  selector  knobs 
mounted  on  the  front  panel.  When  the  function  selector  switch  was  posi¬ 
tioned  to  T/R  GUARD  the  fixed  tuned  guard  receiver  was  energized  to  pro¬ 
vide  constant  monitoring  on  the  UHF  distress  frequency  regardless  of  the 
main  receiver- transmitter  frequency  setting. 

Pre-ECP  Antenna  System  Description. 

An  AT-1108  (Collins  type  37R-2U)  antenna  (shared  by  both  systems) 
was  mounted  on  the  fuselage  roof  over  the  pilot's  compartment.  This 
antenna  featured  elements  for  both  VHF  and  UHF  frequencies  in  one  blade- 
type  housing.  Type  RG-58U  interconnecting  coaxial  cable  was  used.  A  pair 
of  band-pass  radio  frequency  (RF)  filters  were  incorporated  to  suppress 
harmonic  interference  between  these  units  and  other  equipment  on  the  air¬ 
craft. 

Test  Objectives. 

The  test  objectives  for  the  ARC-116  and  ARC-115  were  to  determine: 

1.  The  functional  adequacy  of  the  units. 

2.  The  antenna  radiation  patterns. 

3.  The  maximum  communication  range. 

4.  Operation  with  ECP  568E  incorporated. 

Pre-ECP  Ground  Test 

Power  output  and  reflected  power  measurements  were  taken  with  a 
Bird  Thruline  Wattmeter  (Model  43)  at  the  output  of  the  RT  and  at  the 
antenna.  The  voltage  standing  wave  ratio  (VSWR)  was  computed  from  the 
power  measurements  made  at  the  antenna.  Results  are  shown  in  table  II. 

The  VHF-AM  system  failed  to  meet  specification  SCL-T-0045B  (refer¬ 
ence  15)  .  On  10  frequencies  tested,  only  2  met  the  minimum  power  output 
of  9  watts  measured  the  RT  unit.  On  three  frequencies,  VSWR  at  the  an¬ 
tenna  was  greater  than  3:1. 

The  UHF-AM  system  met  those  parts  of  specification  SCL-T-0046B  (ref¬ 
erence  16)  regarding  power  output  at  the  RT  unit  and  VSWR  at  the  antenna 
input.  Power  losses  between  the  RT  unit  and  the  antenna  were  unacceptable. 
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Pre-ECP  Flight  Test. 
Maximum  Range 


Maximum  range  tests  for  both  the  UHF  and  VHF-AM  radios  were  con¬ 
ducted  over  water  between  the  ground  station  and  the  aircraft  at  altitudes 
and  distances  listed  in  table  III .  Both  radios  had  deficient  maximum 
range  and  did  not  meet  maximum  range  specifications  in  references  15  and 


16. 


Antenna  Patterns 

Antenna  radiation  patterns  were  measured  while  flying  a  12-heading 
cloverleaf  pattern  at  27  NM  from  the  ground  station  at  2,500  feet  above 
ground  level  (AGL) .  Each  system  was  tested  at  high,  medium  and  low 
frequencies.  Signal  strength  was  so  weak  on  UHF-AM  at  27  NM  range  that 
reliable,  usable  signals  could  not  be  received  at  the  ground  station. 

The  aircraft  was  then  flown  to  1  nautical  mile  distance  and  2,500  feet 
AGL  and  a  12-heading  cloverleaf  flown.  A  strong  signal  was  obtained  at 
this  position.  The  results  of  the  antenna  pattern  tests  are  shown  in 
figures  5  and  6.  The  criterion  for  an  acceptable  anterna  pattern  for 
these  sets  (per  SCL-T-0045B  and  SCL-T-0046B)  was,  "no  more  than  58  per¬ 
cent  of  nulls  shall  be  more  than  6  db  below  than  the  pattern  maximum" . 

The  patterns  for  frequencies  135.05  mHz  and  141.55  mHz  did  not  meet 
specification  and  were  not  acceptable.  The  antenna  patterns  for  frequen¬ 
cies  124.05  mHz  and  304.0  mHz,  while  acceptable  per  specifications,  were 
marginal  because  of  the  large  decibel  loss  in  several  of  the  nulls. 

Post-ECP  Antenna  System  Description 

As  a  result  of  Category  I  findings  and  those  of  using  units  in  the 
operational  commands.  Bell  ECP  568E  was  incorporated  on  UH-1N  S/N  60-6610 
under  TCTO  1H-1  (U)  N-506  .  Modifications  to  the  aircraft  ir.  luded  exchang¬ 
ing  positions  of  the  AT-110 8/ARC  antenna  and  the  forward  r  rmation  light. 
This  located  the  antenna  away  from  nearby  obstructions.  An  AT-256/ARC 
UHF  antenna  was  installed  on  the  chin  of  the  aircraft.  Coaxial  cables 
were  changed  from  RG-58U  to  RG-303U,  and  RF  filters  were  moved  to  shorten 
required  cable  lengths. 

Post-ECP  tests  were  then  performed  to  determine  effect  on  UHF  and 
VHF-AM  performance. 

Post-ECP  Ground  Test. 

Ground  tests  were  performed  in  the  same  manner  as  in  pre-ECP  ground 
tests.  The  VHF-AM  power  output  on  the  10  frequencies  tested  was  9  watts 
or  greater  at  the  RT ,  and  the  VSWR  was  acceptable;  the  largest  VSWR  was 
2.21:1  measured  at  the  antenna  (table  IV).  Specification  SCL-T-0045B 
(reference  15)  was  met.  Table  V  presents  the  percentage  increase  in 
power  measured  at  the  antenna  for  each  frequency.  The  average  power 
output  improvement  for  all  frequencies  observed  was  81  percent. 

AN/ARC-116 

ARC-116  power  output  and  VSWR  test  results  are  presented  in  table 
VI.  Power  output  on  7  of  the  11  frequencies  tested  at  the  RT  failed  to 
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satisfy  specification.  The  VSWR  measured  at  the  antenna  did  satisfy  the 
specification.  Percentage  improvements  for  the  11  frequencies  tested  are 
presented  in  table  VII.  An  overall  average  of  35-percent  improvement  in 
power  to  the  UHF  antenna  was  observed  over  the  frequency  range . 

Post-ECP  Flight  Test. 

Maximum  Range 

Each  RT  unit  was  operated  at  low,  middle  and  high  frequencies  within 
their  respective  bands.  The  maximum  range  test  was  conducted  by  having 
the  aircraft  fly  outbound  from  a  ground  receiving  station  at  3,100  feet 
pressure  altitude,  approximately  800  feet  AGL.  A  radio  check  was  con¬ 
ducted  each  minute  until  radio  contact  was  lost.  The  aircraft  was  then 
climbed  to  the  next  altitude  where  contact  was  resumed,  and  continued 
outbound  repeating  the  process.  Distance  from  the  ground  station  was 
measured  by  tacan  distance  measuring  equipment. 

AN/ARC-115 

Table  VIII  shows  results  of  maximum  range  communication  tests 
conducted  between  the  UH-1N  aircraft  and  an  AN/ARC-73  communication  set 
located  at  the  ground  station.  The  ground  station  used  an  AT-104  antenna 
system  with  a  100-foot  RG-58U  coaxial  cable  feed;  power  output  was  20 
watts.  Testing  was  accomplished  using  the  operational  requirement  of 
reliable  two-way  communication  with  squelch  operating  at  35  NM  and  1,200 
feet  AGL  as  a  standard.  Ideally,  maximum  range  tests  should  be  conducted 
over  level  terrain  to  determine  the  effect  of  the  earth  curvature  and 
signal  absorption  near  the  ground  station.  The  terrain  over  which  these 
tests  were  conducted  was  such  that  it  was  impossible  to  obtain  a  line  of 
sight  distance  of  35  NM  without  encountering  hills,  buttes,  and  mountains. 
The  maximum  range  obtained  at  1,200  feet  above  ground  station  was  28  NM. 

At  this  point  the  aircraft  was  at  an  altitude  of  approximately  200  feet 
AGL  in  a  mountainous  area.  The  aircraft  could  not  proceed  outbound  with¬ 
out  climbing  to  clear  the  immediate  terrain.  To  remain  at  1,200  feet 
above  the  ground  station  it  was  necessary  to  change  course.  Shortly 
thereafter,  intervening  hills  prevented  communication.  The  aircraft 
climbed  to  2,500  feet  above  the  ground  station  and  communication  was  re¬ 
established.  This  meant  that  the  maximum  range  observed  was  a  function 
of  line-of-sight  radio  path  and  not  of  the  transmitter  output  or  the 
receiver  sensitivity.  The  maximum  range  of  the  VHF-AM  radio  set  was 
satisfactory . 


AN/ARC-116 

Table  IX  shows  results  of  communication  maximum  range  tests  conducted 
with  an  AN/GRA-53  radio  set  mounted  in  a  mobile  van  and  an  AT  197/GR  an¬ 
tenna  mounted  on  the  roof  of  the  van;  power  output  was  20  watts.  Testing 
was  accomplished  using  the  operational  requirement  of  reliable  two-way 
communication  with  squelch  operating  at  35  NM  and  at  an  altitude  of  1,200 
feet  AGL  as  a  standard.  A  test  was  performed  on  two  frequencies  (260.7 
mHz  and  378.1  mHz)  with  the  ground  receiving  station  at  an  altitude  of 
3,125  feet  above  mean  sea  level  (MSL) ;  the  operational  requirement  was 
met.  However,  on  304.0  mHz,  with  the  ground  station  located  at  a  lower 
altitude  of  2,322  feet  MSL,  it  was  not  possible  to  maintain  line-of- 
sight  radio  path  to  a  distance  of  35  NM  at  1,200  feet  AGL.  For  this 
reason,  the  specified  distance  requirement  could  not  be  demonstrated. 
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The  aircraft  climbed  to  2,700  feet  above  the  ground  station  and  communi¬ 
cations  were  established.  The  maximum  range  of  the  UHF-AM  radio  set  was 
considered  satisfactory. 

Antenna  Pattern 

Antenna  radiation  pattern  characteristics  were  measured  for  both  RT 
units  at  the  same  frequencies  used  in  the  maximum  range  tests.  Twelve¬ 
heading  patterns  were  obtained  for  both  units  at  27  NM  range  and  2,500 
feet  AGL.  In  addition,  a  pattern  at  2  NM  and  2,500  feet  AGL  was  made 
with  the  ARC-115  to  investigate  the  possibility  of  fuselage  masking. 

A  1,000  Hz  tone  was  transmitted  through  the  unit  being  tested  while  rela¬ 
tive  signal  strength  was  recorded  at  a  ground  station  equipped  with  a 
receiver  calibrated  to  read  zero  decibel  for  a  1-microvolt  signal  at  its 
input. 


AN/ARC-115 

Specification  SCL-T-0045B  required  that  no  more  than  one  half  of 
the  VHF-AM  pattern  nulls  may  be  more  than  6  decibels  below  the  maximum 
signal  strength.  Figures  7  and  8  show  the  antenna  radiation  patterns 
obtained.  It  was  noted  that  at  the  2-NM  distance  the  nulls  were  con¬ 
siderably  less  pronounced  and  coverage  was  excellent  in  all  quadrants. 

AN/ARC-116 

Figure  9  shows  the  antenna  radiation  pattern  obtained  with  the 
ARC-116  at  27  NM  and  2,500  feet  AGL  for  260.7  mHz,  304.0  mHz,  and  378.1 
mHz.  The  radiation  patterns  met  the  required  criteria  and  were  acceptable. 


AN/ARC-114  Receiver-Transmitter 

Description. 

The  ARC-114  provided  two-way  FM  narrow-band  voice  communications 
on  920  digitally-tuned  channels  on  VHF  frequencies  between  30.00  and 
75.95  mHz.  It  also  featured  a  homing  capability  on  these  frequencies. 
Nominal  transmitter  output  power  was  9  watts.  Guard  receiver  capability 
was  included  in  the  radio  set  to  monitor  the  40.50  mHz  FM  emergency  fre¬ 
quency.  The  set  consisted  of  the  following  units:  AN/ARC-114  radio  set, 
ID- 3 87 /ARN  course  indicator,  and  an  antenna  coupler  (BHC  P/N  204-075-320) . 
An  FM  antenna  (AS-1703) (AR)  was  used  with  the  transmitter  and  guard  re¬ 
ceiver,  and  either  this  antenna  or  the  homing  antenna  Bell  Helicopter 
Company  (BHC)  P/N  205-075-345  was  used  with  the  main  receiver.  Secure 
communications  were  possible  when  the  secure-voice  encoder/decoder  (TSEC/ 
KY-28)  was  installed  in  the  aircraft.  The  homing  function  of  the  FM 
supplied  inputs  to  the  course  indicators  which  provided  visual  steering 
indications  for  homing  on  the  received  signal.  Warning  flags  were  pro¬ 
vided  in  the  course  indicators  to  inform  the  pilot  and  copilot  that  an 
adequate  homing  signal  was  not  being  received.  The  ARC-114  had  the  addi¬ 
tional  capability  for  retransmission  of  communications  when  a  second  set 
was  installed  in  the  aircraft.  The  voice  security  and  retransmission 
capabilities  were  not  available  for  use  on  the  test  aircraft.  The  radio 
set  was  marked  VHF-FM  COMM  and  was  mounted  on  the  pedestal.  Primary  power 
was  supplied  by  28-vdc  protected  by  a  5-ampere  circuit  breaker  identified 
as  VHF-FM. 
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The  FM  radio  transmitter  and  receiver  operated  on  the  same  frequency 
and  were  simultaneously  tuned  by  frequency  selector  knobs  mounted  on  the 
front  panel  of  the  ARC-114.  When  the  function  selector  switch  was  in  the 
T/R  GUARD  position,  a  fixed  tuned-guard  receiver  was  energized  to  provide 
constant  monitoring  of  the  FM  emergency  frequency  regardless  of  the  radio 
frequency  setting.  During  normal  communications,  the  aircraft  VHF-FM 
antenna  was  used  for  transmission  and  reception. 


Test  Objectives, 


The  test  objectives  for  VHF  FM  communication  were  to  determine: 

1.  The  functional  adequacy  of  the  unit. 

2.  The  antenna  radiation  pattern. 

3.  The  maximum  communication  range. 

4.  The  adequacy  of  the  homing  function. 

Ground  Test. 


Power  output  and  reflected  power  measurements  were  performed  using 
a  Bird  Thruline  Wattmeter  (Model  43)  at  the  output  of  the  RT  and  at  the 
antenna.  Results  of  these  tests  are  shown  in  table  X.  The  power  output 
on  the  ten  frequencies  tested  at  the  RT  was  9  watts  or  greater,  and  the 
VSWR's  were  acceptable.  Specification  SCL-T-0044B  (reference  17)  was  met 


The  frequencies  and  altitudes  under  which  the  test  was  conducted  are 
listed  in  table  XI.  The  maximum  range  test  was  conducted  by  having  the 
aircraft  fly  outbound  from  the  receiving  station  at  3,100  feet  pressure 
altitude  (approximately  800  feet  AGL) .  A  radio  check  was  conducted  each 
minute  until  radio  contact  was  lost.  The  aircraft  was  flown  to  the  next 
test  point  altitude.  The  distance  from  the  ground  station  was  determined 
by  tacan  distance  measuring  equipment. 


Table  XI  shows  results  of  maximum  range  communication  tests  con¬ 
ducted  with  a  PRC-25  portable  FM  ground  communication  set  located  at  the 
ground  station.  The  PRC-25  had  a  power  output  of  2  watts,  using  either 
a  3-  or  10-foot  antenna.  For  this  test,  the  10-foot  antenna  was  employed. 
Testing  was  accomplished  using  the  operational  requirement  of  reliable 
two-way  communication  (with  squelch  operating)  at  35  NM  and  1,200  feet 
AGL  as  a  standard.  A  test  was  performed  on  two  frequencies  (39.95  mHz 
and  49.95  mHz)  with  the  ground  receiving  station  at  an  altitude  of  3,125 
feet  MSL ;  the  operational  requirement  was  met.  On  75.75  mHz,  with  the 
ground  station  located  at  a  lower  altitude  of  2,322  feet  MSL,  it  was  not 
possible  to  maintain  1 ine-of-sight  radio  path  to  a  distance  of  35  NM  at 
an  altitude  of  1,200  feet  AGL.  For  this  reason,  the  specified  distance 
altitude  requirement  could  not  be  demonstrated.  The  aircraft  flew  to 
2,700  feet  above  the  ground  station  and  communications  were  re-established. 
The  maximum  range  of  the  VHF-FM  radio  set  was  satisfactory. 


Antenna  Pattern 

One  flight  was  made  to  evaluate  the  VHF-FM  antenna  radiation  char¬ 
acteristics  at  frequencies  near  the  lower,  middle,  and  upper  end  of  the 
frequency  band.  Tests  were  conducted  at  34.95  mHz,  49.95  mHz  and  75.75 
mHz.  The  altitude  for  this  flight  was  2,500  feet  AGL.  The  distance  from 
the  aircraft  to  the  receiving  station  was  22  NM.  Data  for  the  three 
frequencies  were  recorded  when  the  aircraft  was  stabilized  on  each  head¬ 
ing  of  a  12-heading  cloverleaf  pattern  flown  over  a  ground  identification 
point.  The  pilot  transmitted  a  5-second  1,000  Hertz  tone  on  the  VHF-FM 
radio  set  and  the  relative  signal  strength  was  recorded  at  the  ground 
station  using  a  receiver  calibrated  to  read  zero  decibel  for  a  1-micro¬ 
volt  signal  at  its  input. 

Figure  10  shows  the  antenna  radiation  pattern  obtained  at  22  NM 
and  2,500  feet  AGL  for  34.95  mHz,  49.95  mHz,  and  75.75  mHz.  The  radia¬ 
tion  patterns  met  specification  criteria  and  were  acceptable. 


Homing 

VHF-FM  homing  tests  were  conducted  on  34.95  mHz  and  75.75  mHz  using 
the  AN/PRC-25  as  a  ground  station.  The  ground  station  was  loc  .ted  on  a 
hill  at  an  altitude  of  3,100  feet  MSL  overlooking  a  valley  w'th  .n  average 
altitude  of  about  2,500  feet  MSL.  The  aircraft  started  the  .  at  an 
altitude  of  4,200  feet  pressure  altitude  over  a  point  18  NM  the 

ground  station.  The  magnetic  bearing  to  the  ground  station  •  e  start¬ 

ing  point  v»as  077  degrees. 

On  34.95  mHz  the  initial  heading  from  the  starting  point  was  072 
degrees.  The  ground  track  was  a  direct  path  to  the  receiver  with  the 
aircraft  passing  directly  over  the  ground  station.  As  the  aircraft 
approached  the  ground  station,  the  indicating  bar  became  very  sensitive 
and  was  impossible  to  follow  within  the  last  1/4  mile.  On  the  outbound 
heading,  the  indicator  became  nondirectional ,  giving  position  indication 
that  the  ground  station  had  been  passed. 

On  75.75  mHz  the  initial  indicated  heading  was  095  degrees.  Upon 
reaching  the  ground  station,  the  heading  was  055  degrees  with  the  air¬ 
craft  p.  ssing  approximately  50  yards  south  of  the  ground  station.  The 
ground  track  was  to  the  south  of  the  direct  path.  The  same  station  passage 
and  outbound  indications  were  observed  on  this  frequency  as  on  34.95  mHz. 

The  Flight  Manual  did  not  discuss  course  deviation  indicator  (CDI) 
sense,  ambiguity  solution,  sensitivity  indicator  function,  and  station 
passage  indications.  These  were  vital  to  the  successful  use  of  the  FM 
homing  function.  The  Flight  Manual  should  be  revised  to  provide  more 
detailed  procedure  and  information  on  the  VHF-FM  homing  function.  (R  16) 

The  signal  strength  indications  displayed  on  the  horizontal  bar  of 
the  ID-347/ARN  were  not  sensitive  enough  to  indicate  the  approach  of 
the  ground  station.  The  horizontal  bar  was  deflected  only  one-half 
scale  downward  when  over  the  ground  station.  The  system  indicated  maxi¬ 
mum  downward  off-center  needle  displacement  when  maximum  signal  strength 
was  received.  Thus,  close  to  the  target  transmitter,  where  maximum  sig¬ 
nal  strength  was  received,  the  indicator  displayed  a  full  off-center 
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deflection.  This  was  opposite  to  the  on-target  (or  desired  track)  indi¬ 
cations  provided  by  the  ID-387/ARN  course  indicator  during  tacan  or  VOR 
modes  and  caused  unnecessary  confusion.  The  ID-387/ARN  signal  strength 
presentation  for  the  VHF-FM  homing  function  should  be  chanced  to  display 
maximum  signal  strength  with  the  glides  lope  needle  centered,  and  the 
sensitivity  of  the  indicator  should  be  increased.  (R 17) 


AN  /ARC-1 02  Receiver-Transmitter 

Description. 

This  receiver-transmitter  provided  transmission  and  reception  of 
single-side-band  AM  and  continuous  wave  signals  within  the  HF  range  of 
2.000  to  29.999  mHz  on  any  of  28,000  channels.  The  HF  set  was  intended 
for  both  air-to-air  and  air-to-ground  two-way  communications,  and  con¬ 
sisted  of  the  following  units:  Receiver-transmitter  Unit  RT  698/ARC-102, 
Power  Static  Inverter  PP-3702  ARC-102,  HF  Control  Unit  C3940  ARC-94,  HF 
impedance  matching  network  (antenna  coupler) ,  and  Antenna  Kit  BHC  P/N 
212-706-004  (HF  longwire) .  The  RT  was  composed  of  11  plug-in  modules, 
which  included  an  interchangeable  internal  power  supply.  The  complete 
unit  was  enclosed  in  a  metal  case.  The  RT  was  controlled  from  the  con¬ 
trol  panel  installed  in  the  pedestal.  Primary  power  to  operate  the  RT 
was  supplied  from  the  helicopter  28-vdc  essential  bus.  The  HF  antenna 
coupler  automatically  matched  the  impedence  of  the  longwire  antenna  to 
the  frequency  selected  on  the  remote  control  unit. 


Test  Objectives. 

The  objectives  were  to  deternine: 

1.  The  functional  adequacy  of  the  unit. 

2.  The  antenna  radiation  pattern. 

Ground  Test. 

After  installation,  the  AN/ARC-102  was  operationally  ground  tested 
using  McClellan  AFB  and  a  C-5A  flying  near  Hawaii  as  a  point  of  contact. 
Communications  were  established  using  upper  side-band  mode.  McClellan 
AFB  and  the  C-5A  reported  that  the  audio  was  excellent. 

The  antenna  kit  (HF  longwire)  was  designed  to  be  used  on  the  "D" 
model  helicopter  instead  of  the  "N"  model,  and  it  did  not  allow  the  left 
cargo  door  to  open  fully  without  physical  contact  with  the  antenna.  This 
condition  may  lead  to  antenna  breakage  or  an  RF  short  circuit.  The  an¬ 
tenna  fuselage  feed-through  should  be  moved  to  correct  this  situation. 

(R  18) 

Shortly  after  this  test,  antenna  coupler  CU  1658/A  became  inopera¬ 
tive  and  remained  out  of  commission  for  the  remainder  of  the  program. 

For  this  reason,  tests  on  the  ARC-102  were  very  limited.  Further  ARC- 102 
tests  should  be  conducted.  (R  19) 


C-S533/ARC  Audio  Distribution  Control  Panel 

Description. 


The  C-6533/ARC  audio  control  panel  provided  an  intercommunication 
capability  between  the  crewmember  stations.  Crewmembers  could  select 
any  one  of  four  RT's  for  voice  communications;  additional  audio  circuits 
could  also  be  monitored.  The  system  allowed  selection  *nd  monitoring 
of  up  to  seven  receiver  circuits.  A  complete  description  of  the  system 
is  given  in  reference  11. 

Test  Objective. 

The  test  objective  was  to  determine  the  functional  adequacy  of  the 
system. 


Test  Method  and  Analysis. 

The  C-6 53 3/ARC  interphone  was  evaluated  qualitatively  throughout 
Category  II  testing.  One  significant  deficiency  was  noted:  during  gun¬ 
firing  it  was  impossible  for  the  pilot  to  communicate  with  the  gunner 
due  to  the  proximity  of  the  gunner's  microphone  to  the  weapon  system. 

The  pilot  and  copilot  could  communicate  satisfactorily,  and  communication 
to  ground  and  other  aircraft  by  radio  was  possible  during  firings  provided 
the  gain  control  on  the  radio  was  advanced  above  normal  listening  level. 
Type  HGU-2P  helmets  were  worn  by  crewmembers  on  armament  missions;  tests 
should  be  conducted  using  different  types  of  helmets  and  microphones 
to  determine  whether  or  hot  communication  would  be  possible  under  actual 
combat  conditions  .  (R  20) 

NAVIGATION  EQUIPMENT 

The  UH-ii-J  is  equipped  with  a  full  complement  of  navigation  aids, 
including  those  required  for  instrument  flight  rules  (IFR)  flights. 

This  section  describes  tests,  results,  and  evaluations  of  these  systems. 

AN/ASN-43  Gyromagnetic  Compass  System 

Description. 

The  gyromagnetic  compass  system  consisted  of  the  following  units: 
CN-998(  )/ASN-43  Directional  Gyro,  T-611(  )/ASN  Induction  Compass  Trans¬ 
mitter,  CN-405(  )/ASN  Magnetic  Flux  Compensator,  C-6347(  )/ASN  Compass 
Controller,  AM-6015/A  Electronic  Control  Amplifier,  two  ID-663C/U  Bearing 
Distance  Heading  Indicators  and  two  ID-387 (  )/ARN  Course  Indicators. 

The  system  provided  a  visual  indication  of  the  aircraft  magnetic 
heading  on  the  bearing  distance  heading  indicator  (BDHI)  compass  card. 

When  operated  in  the  magnetic  mode,  the  system  indicated  magnetic  head¬ 
ing  because  the  directional  gyro  was  slaved  to  the  earth's  magnetic  merid¬ 
ian  by  the  Induction  Compass  Transmitter.  When  operated  in  the  direc¬ 
tional  gyro  (DG)  mode  the  DG  was  not  slaved  to  the  compass  transmitter 
and  the  BDHI  indicated  aircraft  heading  based  on  the  DG  reference. 

The  system  was  provided  with  a  synchronizing  knob  on  the  compass  controller 
which  operated  as  a  heading-set  knob  in  the  DG  mode  and  as  an  alignment 
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knob  in  the  magnetic  mode.  The  annunciator  indicated  when  the  DG  was 
aligned  with  the  induction  compass  transmitter. 


Test  Objectives. 

Test  objectives  were  to  determine  the  heading  accuracy  of  the  mag¬ 
netic  mode  and  drift  rate  in  the  DG  mode. 

Ground  Test. 


Compass  suing  tests  were  conducted  on  24  headings,  every  15  degrees, 
on  the  AFFTC  compass  rose.  The  actual  aircraft  heading  was  determined 
using  a  Kollsman  B-16  sighting  compass  with  an  accuracy  of  +2  degrees. 
Table  XII  shows  the  compass  swing  data  obtained  for  aircraft  774.  The 
deviation  of  1  degree  was  acceptable. 

Fliaht  Test. 


The  directional  gyro  drift  rate  was  measured  on  four  test  missions 
in  which  accurate  heading  information  was  not  required  to  perform  the  pri¬ 
mary  mission.  The  missions  flown  varied,  but  in  general  a  large  number 
of  turns  were  performed.  First  the  DG  was  aligned  to  the  magnetic  head¬ 
ing  (before  takeoff) .  The  clock  time  was  noted  when  the  system  was 
placed  in  DG  mode.  The  primary  mission  was  flown.  After  the  aircraft 
had  landed,  but  before  engine  shutdown,  the  heading  was  noted  while  the 
system  was  still  in  DG  mode.  The  clock  time  was  recorded  and  the  system 
was  switched  back  to  magnetic  mode  and  the  synchronizing  knob  was  used  to 
align  the  annunciator  to  ics  center  position.  The  magnetic  heading  was 
recorded.  The  difference  between  the  final  magnetic  heading  and  the 
indicated  DG  heading  at  the  end  of  the  mission,  divided  by  the  time  the 
system  was  operating  in  the  DG  mode,  gave  the  drift  in  degrees  per  hour. 

The  test  data  collected  are  shown  in  table  XIII.  Reference  13  re¬ 
quires  that  the  drift  rate  in  the  DG  mode  be  less  than  5.5  degrees  per 
hour.  The  directional  gyro-compass  drift  rate  was  acceptable. 


AQU-5A  Magnetic  Compass 

Description. 

The  AQU-5A  magnetic  compass  (standby)  was  mounted  above  the  right 
windshield  and  was  used  with  the  compass  correction  card  located  on  the 
center  post  between  the  two  windshields.  The  XM60  sight  was  mounted  to 
the  immediate  right  of  the  standby  compass. 

Test  Objectives. 

Test  objectives  were  to  determine  compass  accuracy  and  the  effect 
of  the  XM60  sight  on  the  compass  calibration. 

Ground  Test. 

The  standby  compass  was  tested  concurrently  with  the  ASN-43  gyro- 
magnetic.  compass  using  the  compass  rose  at  AFFTC.  The  actual  aircraft 
heading  was  determined  with  a  Kollsman  B-16  sighting  compass 


Reference  13,  paragraph  11-151,  page  11-70,  requires  that  maximum 
deviation  not  exceed  +8  degrees.  Table  XIV  lists  the  accuracy  test  data 
obtained  for  the  compass  on  aircraft  774  with  the  XM60  sight  removed. 

This  compass  did  not  meet  this  requirement.  Table  XV  contains  the  accu¬ 
racy  test  data  for  the  compass  on  aircraft  610  with  the  XM60  sight  re¬ 
moved.  The  maximum  deviation  without  the  sight  exceeded  the  +8  degree 
specification.  Table  XVI  gives  the  accuracy  test  data  for  the  compass 
on  aircraft  610  with  the  XM60  sight  installed.  The  maximum  deviations 
were  within  the  +8  degree  specification.  Installation  of  the  XM60  sight 
affected  the  compensation  of  the  AQU-5A.  The  compass  should  be  recompen¬ 
sated  whenever  the  sight  is  installed  or  removed,  and  the  T.O.  should 
be  amended  to  reflect  this  requirement.  (R  21) 

The  AQU-5A  magnetic  compass  was  located  above  the  windshield  on  the 
pilot  side  of  the  aircraft.  In  this  position,  it  could  be  seen  only  with 
difficulty  by  the  pilot  and  not  at  all  by  the  copilot.  The  XM60  sight 
was  mounted  approximately  2  inches  to  the  right  of  the  compass.  When 
the  sight  was  in  the  stowed  position  it  completely  blocked  the  pilot's 
view  of  the  compass.  The  AQU-5A  Magnetic  Compass  should  be  relocated 
wF  re  it  can  be  seen  by  both  the  pilot  and  copilot  and  where  it  will  be 
free  from  the  magnetic  influence  of  the  XM60  sight.  (R  22) 


AN/ARA-SO  UHF-AM  Direction  Finder  System 

Description . 

The  system  consisted  of  the  following  components:  AM-3969/AR  RF 
Amplifier,  AM-3624/ARA-50  Relay  Amplifier,  and  the  AS-909/ARA-48  DF 
Antenna.  The  DF  was  a  lightweight  airborne  direction  finding  system 
which  operated  in  the  UHF  frequency  range  of  225  to  400  mHz.  The  system 
used  outputs  from  the  receiver  section  of  the  AN/ARC-116  UHF  receiver- 
transmitter  to  determine  the  relative  bearing  from  the  aircraft  to  any 
transmitter  operating  in  the  UHF  frequency  range.  The  system  could  be 
used  for  course  navigation,  search  and  rescue  operations,  or  for  determin¬ 
ing  the  relative  bearing  of  other  aircraft.  Bearing  information  was  dis¬ 
played  on  the  No.  1  pointer  of  the  BDHI  units. 

Test  Objectives. 

The  test  objectives  were  to  determine  the  bearing  accuracy  and  func¬ 
tional  adequacy  of  the  homing  function. 

Flight  Test  Method  and  Analysis . 

The  DF  system  was  tested  using  a  Navy  UHF  radio  beacon  located  at 
China  Lake  Naval  Air  Facility  (NAF) ,  Ridgecrest,  California,  and  by 
transmitting  a  signal  from  the  AFFTC  frequency  control  and  analysis  (FCA) 
van  located  at  the  approach  end  of  Rogers  Dry  Lake,  runway  23,  at  Edwards 
Air  Force  Base,  California.  The  aircraft  was  flown  over  a  ground  refer¬ 
ence  point  that  was  27  NM  from  China  Lake  NAF  on  a  radial  of  197  degrees 
from  China  Lake.  The  ground  reference  point  was  22  NM  from  the  FCA  van 
on  a  radial  of  348  degrees  from  the  van.  The  frequency  of  the  UHF  beacon 
at  China  Lake  NAF  was  265.2  mHz  and  the  FCA  van  transmitted  on  304.0  mHz 
and  378.1  mHz.  The  indicated  bearings  to  each  station  were  recorded  while 
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flying  a  12-heading  cloverleaf  pattern  at  6,000  feet  pressure  altitude 
(approximately  4  ,.220  feet  above  the  ground  stations)  over  the  ground  ref¬ 
erence  point. 

The  UHF  DF  system  was  also  used  to  locate  a  crash  data  position 
indicator  recorder  (CDPIR)  that  had  been  inadvertently  ejected  from  another 
aircraft.  The  search  for  the  CDPIR  was  started  approximately  10  NM  from 
the  actual  location  of  the  CDPIR.  The  initial  heading  took  the  aircraft 
to  the  right  of  the  CDPIR  location.  The  DF  system  indicated  station  pas¬ 
sage  when  the  aircraft  was  alongside  the  CDPIR.  A  left  turn  was  executed 
and  a  second  station  passage  indicated  the  immediate  area  where  the  CDPIR 
was  found.  A  total  search  time  of  about  15  minutes  was  required  to  locate 
the  CDPIR. 

Table  XVII  shows  the  results  of  the  bearing  accuracy  tests  for 
265.2  mHz,  304.0  mHz,  and  378.1  mHz.  Figure  11  shows  the  UHF  DF  error 
relative  to  the  aircraft  heading.  The  average  deviation  for  the  three 
tests  indicates  that  the  error  was  consistently  positive  at  045  degrees, 

076  degrees,  and  136  degrees.  The  error  was  consistently  negative  at 
010,  105,  and  200  degrees.  This  indicated  that  there  were  disturbances 
due  to  the  airframe  which  affected  all  three  test  frequencies.  The  system 
did  not  meet  the  bearing  accuracy  specifications  of  +7.00  degrees  root 
mean  square  (RMS)  value  in  MIL-D-38402,  reference  18. 

DF  Homing 


Homing  tests  were  conducted  on  308.7  mHz  using  a  10-watt  vehicular 
mounted  ground  station  and  on  264.0  mHz  using  a  modified  AN/URC-4  emer¬ 
gency  transmitter  for  a  ground  station.  The  ground  stations  were  located 
on  a  hill  at  an  altitude  of  3,100  feet  MSL  overlooking  a  valley  with  an 
average  altitude  of  2,800  feet  MSL.  The  homing  tests  were  conducted  at 
4,200  feet  pressure  altitude  over  a  point  18  NM  from  the  ground  station. 
The  magnetic  bearing  to  the  ground  station  from  the  starting  point  was 
077  degrees. 

The  initial  bearing  for  308.7  mu*,  was  073  degrees  and  the  final 
bearing  was  068  degrees.  The  aircraft  followed  an  S-path  to  the  ground 
transmitter  and  passed  25  yards  south  of  the  transmitter.  Station  passage 
was  indicated  approximately  100  yards  past  the  ground  station.  The 
AN/URC-4  hand-held  emergency  transmitter  was  modified  to  shift  its  fre¬ 
quency  from  the  emergency  frequency  of  243.0  to  264.0  mHz.  Power  output 
or-  this  transmitter  was  approximately  100  milliwatts.  The  signal  was 
not  received  until  the  aircraft  was  5  NM  from  the  ground  station  at  5,000 
feet  pressure  altitude.  Homing  from  this  point  inbound  was  satisfactory. 
Station  passage  indication  was  satisfactory.  The  UHF-DF  system  homing 
capability  was  usable;  however,  additional  testing  should  be  performed 
to  determine  the  reason  for  bearing  inaccuracy  and  to  determine  corrective 
action  for  the  problem.  (R  23) 

AN/ARN-65  Tacan  Navigation  System 

Description. 


The  AN/ARN-65  tacan  system  consisted  of:  RT-471/ARN-65  Receiver- 
Transmitter,  C-1763/ARN-21A  Control  Unit,  AT-741/A  Antenna,  two  ID-387/ 
ARN  Course  Indicators  and  two  ID-1103/ARN  Bearing  Distance  Heading  Indi- 
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cators .  The  tacan  audio  was  routed  through  the  NAV  switch  position  on 
the  C-6 53 3/ARC  Audio  Control  Panel  to  aircrew  headphones. 


This  set  was  an  airborne  navigation  set  which  operated  in  conjunc¬ 
tion  with  tacan  ground  beacons.  The  airborne  and  ground  sets  formed  a 
radio  navigation  system  that  enabled  the  aircraft  to  receive  continuous 
indications  of  its  distance  (up  to  195  NM)  and  magnetic  radial  from  any 
tacan  beacon  within  reception  range.  The  tacan  system  operated  in  the 
L-band  frequency  range  on  any  of  126  preset  tacan  channels.  It  was  con¬ 
trolled  through  the  tacan  control  panel  and  information  from  the  system 
could  be  displayed  on  both  pilot  and  copilot  course  indicators  and  the 
No.  2  pointer  of  each  BDHI .  The  tacan-VOR  switch  allowed  presentation 
of  VOR  information  on  the  instruments  when  the  tacan  system  was  not  being 
used. 

Test  Objectives. 

The  tacan  system  was  evaluated  to  ascertain  the  accuracy  of  the 
radial  determinations,  the  distance  indications,  and  the  maximum  range 
at  which  valid  tacan  signals  could  be  received. 

Flight  Test. 

DME  and  Radial  Accuracy 

To  evaluate  the  accuracy  of  the  tacan  distance  measuring  equipment 
(DME)  and  radial  indications,  the  test  aircraft  was  flown  on  a  triangular 
course  in  the  vicinity  of  Edwards  AFB  at  10,000  feet  pressure  altitude. 

As  the  aircraft  traversed  the  course,  its  flightpath  was  recorded  by  a 
tracking  radar.  The  radar  data  was  computer  processed  to  determine  the 
aircraft  latitude  and  longitude  at  1-second  intervals.  Seven  tacan  sta¬ 
tions  were  used  during  the  test.  Throughout  the  flight  the  pilot  peri¬ 
odically  tuned  in  each  of  the  tacan  stations  to  read  the  indicated  radial 
from  the  course  indicator  and  the  distance  from  the  BDHI.  The  pilot  also 
notified  the  tracking  station  when  data  were  being  taken  so  the  time  could 
be  accurately  recorded.  The  radar  tracking  data  and  the  published  co¬ 
ordinates  of  the  tacan  stations  were  used  to  calculate  the  actual  radial 
as  well  as  distance  from  the  aircraft  to  the  stations. 

The  data  resulting  from  the  radial  accuracy  test  are  shown  in  table 
XVIII.  The  error  for  each  tacan  station  represents  the  average  of  12 
individual  readings  taken  at  6-minute  intervals.  Radial  and  distance 
accuracy  of  the  tacan  system  were  operationally  satisfactory. 

Antenna  Evaluation 

At  any  point  on  a  tacan  radial  the  number  2  BDHI  indication  should 
be  the  same  regardless  of  aircraft  heading;  if  it  is  not,  aircraft  antenna 
pattern  irregularities  are  the  probable  cause.  In  order  to  investigate 
the  antenna  pattern,  the  error  data  was  grouped  into  12  30-degree  segments 
of  a  circle.  The  average  error  for  all  data  points  in  each  segment  was 
calculated  and  plotted  on  polar  coordinates.  The  resulting  pattern 
would  reveal  antenna-related  problems  in  tacan  operation.  Figure  12 
shows  the  tacan  radial  error  and  figure  13  shows  the  DME  error  relative 
to  aircraft  heading.  The  test  was  conducted  under  actual  operating  con¬ 
ditions  using  tacan  channel  numbers  between  channels  21  and  108.  The 


aircraft- to-station  distance  varied  between  7  and  70  NM.  No  significant 
antenna-related  inaccuracy  was  discernable. 

Maximum  Range 

Tacan  maximum  range  tests  were  conducted  near  Bakersfield,  California, 
in  the  San  Joaquin  Valley,  using  tacan  stations  located  northwest  of 
Bakersfield.  This  location  provided  line-of-sight  radio  paths  of  200 
miles  to  several  stations  without  terrain  interference.  The  test  was 
conducted  by  tuning  in  a  station  and  then  descending  until  break-lock 
occurred.  The  test  was  conducted  on  both  inbound  and  outbound  headings 
relative  to  the  stations.  The  acceptable  maximum  range  was  calculated 
as  a  function  of  distance  and  altitude  above  the  station. 

The  UH-1N  was  not  normally  operated  at  altitudes  above  10,000  feet 
MSL;  however,  the  tacan  maximum  range  specification  (reference  18)  was 
stated  only  for  altitudes  of  10,000  through  40,000  feet  above  the  tacan 
stations.  These  requirements  were  extrapolated  to  altitudes  below  10,000 
feet  using  UHF  maximum  radio  path  distance  data  from  reference  20.  For 
altitudes  between  10,000  and  40,000  feet  AGL,  the  range  requirements 
averaged  80  percent  of  maximum  radio  path  distance.  Therefore,  the  re¬ 
quired  range  for  altitudes  below  10,000  feet  was  assumed  to  be  80  percent 
of  maximum  radio  path  distance  for  each  altitude.  Table  XIX  shows  the 
results  of  the  tacan  maximum  range  test  for  radial  lock  and  table  XX  shows 
results  of  the  test  for  DME  lock. 

The  demonstrated  maximum  range  of  the  tacan  system  exceeded  80  per¬ 
cent  of  the  maximum  radio  path  distance  at  all  test  points.  This  range 
was  considered  satisfactory. 

AN/ARN-89  Automatic  Direction  Finder  System 

Description. 

The  automatic  direction  finder  (ADF)  system  consisted  of  the  follow¬ 
ing  individual  components:  R-1496  (  )/ARN-89  Radio  Receiver,  C-7392(  )/ 
ARN-89  ADF  Control  Unit,  AM-4859 (  )/ARN-89  Impedance  Matching  Amplifier, 
AS-2108(  )/ARN-89  Loop  Antenna,  BHC  P/N  205-075-325  Sense  Antenna,  and 
two  ID-1103/ARN  Bearing  Distance  Heading  Indicators.  The  receiver  audio 
was  routed  through  the  NAV  switch  position  on  the  C-6533/ARC  Audio  Control 
Panels  to  the  headphones. 

The  ADF  provided  the  pilot  and  copilot  with  visual  indications  of 
the  relative  bearing  to  a  radio  station.  The  ADF  radio  bearing  indica¬ 
tions  could  be  used  for  homing  and  obtaining  radio  navigation  fixes. 

The  information  was  displayed  on  the  BDHI  No.  1  pointer.  The  receiver 
featured  continuous  tuning  over  the  frequency  range  of  100  to  3,000  kHz, 
and  it  incorporated  three  modes  which  allowed  it  to  function  as  an  ADF, 
a  manual  DF,  or  as  an  AM  receiver.  A  beat  frequency  oscillator  was  in¬ 
cluded  to  provide  an  audible  indication  of  unmodulated  carrier  signals. 

Test  Objectives. 

The  ADF  system  was  evaluated  to  determine  the  accuracy  of  the  bearing 
indications,  the  homing  capabilities,  the  accuracy  of  station  passage 
indications,  and  the  accuracy  of  navigation  fixes. 
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Ground  Test. 


Ground  tests  were  limited  to  adjustment  of  the  system.  ADF  systems 
are  affected  by  distortion  of  the  radio  frequency  (RF)  field  pattern 
caused  by  structural  components  of  the  aircraft.  The  R-1496/ARN-89  Radio 
Receiver  was  equipped  with  a  goniometer  which  compensated  for  this  dis¬ 
tortion.  Compensation  procedures  detailed  in  reference  21  were  used  to 
adjust  the  goniometer.  Compensation  data  required  for  adjustment  was 
obtained  from  reference  22. 

The  goniometer  unit  installed  in  the  aircraft  had  not  been  compen¬ 
sated  by  the  aircraft  manufacturer  before  installation.  Table  XXI  lists 
the  bearing  obtained  before  and  after  compensation  at  AFFTC.  Note  that 
the  R-1496  Radio  Receiver  must  be  compensated  with  data  applicable  to 
the  UH-1N  aircraft  before  use  in  the  UH-1N  aircraft.  This  data  should  be 
applicable  to  all  UH-1N  aircraft  unless  a  major  change  is  made  in  the  con¬ 
figuration  of  the  aircraft.  Reference  21  gives  detailed  test  procedures 
for  determining  the  compensation  data  for  an  aircraft  if  the  data  were 
not  available. 

Flight  Test. 

Bearing  Accuracy 


Twelve-heading  cloverleaf  patterns  were  flown  over  a  ground  reference 
point  approximately  14  NM  from  a  20-watt  low  frequency  aeronautical 
beacon  transmitter  operating  on  282  kHz,  a  5,000-watt  broadcast  station 
operating  on  610  kHz,  and  a  1,000-watt  broadcast  station  operating  on 
1,380  kHz.  The  actual  bearing  to  the  transmitter  station  was  measured 
from  an  aeronautical  chart  for  comparison  with  the  indicated  bearings  on 
each  heading  of  the  cloverleaf  pattern.  Figures  14  through  16  show  plots 
of  the  data  obtained.  The  average  value  of  the  error  was  -5.25  degrees 
for  282  kHz,  -4.25  degrees  for  610  kHz,  and  -3.00  degrees  for  1,380  kHz. 
Reference  19  states  that  bearing  errors  may  not  exceed  +5  degrees  of 
actual  bearing  to  the  station.  The  ADF  system  did  not  meet  the  specified 
accuracy  requirement  on  any  of  the  test  frequencies;  however,  the  con¬ 
sistent  negative  difference  between  the  actual  bearings  and  the  indicated 
bearings  revealed  that  a  system  error  existed  that  could  be  removed  by 
recalibration.  Additional  testing  should  be  conducted  to  determine  proper 
compensation  settings  for  the  ADF  system.  (R  24) 


Homing 

To  evaluate  the  homing  capability  of  the  ADF  system,  the  ADF  was 
tuned  to  the  ground  transmitter  at  a  distance  of  approximately  22  NM. 
The  aircraft  was  flown  toward  the  station  using  oniy  ADF  for  steering. 
Station  passage  was  indicated  when  the  ADF  BDHI  pointer  moved  thru  90 
degrees  from  flightpath  heading.  The  approach  to  the  282  kHz  radio 
beacon  was  flown  at  2,000  feet  AGL  and  was  satisfactory.  The  aircraft 
passed  over  the  transmitter  location,  and  station  passage  was  indicated 
approximately  2,000  feet  past  the  station.  The  approach  to  the  610  kHz 
station  was  also  flown  at  2,000  feet  AGL  and  was  satisfactory.  Station 
passage  was  indicated  approximately  3,000  feet  past  the  station  after 
the  aircraft  passed  directly  over  the  station.  When  used  in  the  homing 
mode,  ADF  system  performance  was  satisfactory. 
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Radio  Fix 


The  ADF  was  used  to  obtain  a  radio  fix  using  two  broadcast  stations 
located  at  approximately  50  NM  distance.  The  two  bearings  indicated  were 
plotted  on  an  aeronautical  chart  and  compared  to  a  tacan  fix  from  a  local 
tacan  station.  Table  XXII  shows  results  of  plotting  the  ADF  and  tacan 
data.  The  average  radial  error  for  three  fixes  was  4.6  NM  which  was 
acceptable  for  an  ADF  fix  at  this  range.  The  ADF  system  performance  was 
satisfactory  for  navigation  fixes. 


AN/ARN-82  VHF  Navigation  System 


Description . 


The  VOR  radio  receiver  consisted  of  the  following  units:  R-1388/ 
ARN-82  Radio  Receiver,  C-6 823/ARN-82  Control  Unit,  AS-1304/ARN  VOR  Antenna, 
two  ID-387/ARN  Course  Indicators,  and  two  ID-1103/ARN  Bearing  Distance 
Heading  Indicators.  The  VOR  audio  was  routed  through  the  AUX  switch  posi¬ 
tion  on  the  C-6 53 3/ARC  Audio  Control  Panels  to  the  crew  headphones. 


The  AN/ARN-82  detected  VOR  and  instrument  landing  system  (ILS) 
localizer  signals  in  the  frequency  range  of  108.00  to  117.95  mHz.  These 
signals  were  used  to  provide  continuous  indication  of  the  magnetic  radial 
from  a  VOR  ground  station  or  course  indications  from  an  ILS  localizer 
signal.  The  receiver  could  also  be  used  to  receive  communication  signals 
in  the  frequency  range  of  118.00  to  126.95  mHz.  The  VOR  and  ILS  signals 
were  displayed  on  the  course  indicator  and  the  VOR  signals  were  also  dis¬ 
played  on  the  No.  2  pointer  of  the  BDHI  units.  The  tacan-VOR  switch 
enabled  the  indicators  to  display  course  and  radial  information  from  the 
tacan  system  when  the  VOR  receiver  was  not  being  used  (reference  23) . 


Test  Objectives. 


The  objectives  of  VOR  receiver  tests  were  to  determine  the  accuracy 
of  radial  and  ILS  localizer  indications,  and  the  maximum  range  at  which 
VOR  signals  could  be  received. 


Flight  Test. 


The  VOR  receivers  in  the  three  Category  II  aircraft  displayed  a 
continuous  oscillation  in  BDHI  presentations  of  the  VOR  radial.  The 
No.  2  pointer  in  each  BDHI  unit  typically  oscillated  from  +2  degrees  to 
+10  degrees  about  the  correct  radial.  Oscillations  varied  from  approxi¬ 
mately  one  to  three  cycles  per  second,  and  precluded  an  accurate  reading 
of  the  instrument.  The  BDHI  indication  was  unsatisfactory.  The  oscilla¬ 
tion  in  the  BDHI  display  of  the  VOR  receiver  should  be  investigated  to 
determine  its  source  and  the  effect  on  receiver  accuracy;  the  VOR  in¬ 
stallation  should  be  modified  to  reduce  the  oscillation  to  an  acceptable 
level.  (R  25) 


The  condition  was  most  severe  when  the  aircraft  was  headed  inbound 
toward  the  station  and  was  at  a  minimum  when  outbound.  The  course  devia¬ 
tion  indicator  presentation  was  not  affected;  thus  the  system  was  tested 
using  the  CDI. 
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VOR  Radial  Accuracy 

To  evaluate  the  accuracy  of  the  course  deviation  indications  of  the 
VOR  receiver,  the  aircraft  was  flown  on  a  triangular  course  in  the  vicinity 
of  Edwards  AFB  at  10,000  feet  pressure  altitude.  As  the  aircraft  traversed 
the  course,  its  position  was  tracked  by  radar.  The  radar  data  was  re¬ 
corded  and  computer  processed  to  provide  the  latitude  and  longitude  posi¬ 
tion  at  1-second  intervals  throughout  the  flight.  The  pilot  periodically 
tuned  each  of  five  local  VOR  stations  and  recorded  the  indicated  radial 
from  the  course  indicator.  The  pilot  also  notified  the  radar  tracking 
station  when  data  was  being  taken  so  the  time  could  be  accurately  recorded. 
The  radar  tracking  data  and  the  published  latitude  -  longitude  coordinates 
of  the  VOR  stations  were  used  to  calculate  the  actual  radial  from  the  VOR 
station  to  the  aircraft. 

The  data  from  the  VOR  radial  accuracy  test  are  shown  in  table  XXIII. 
The  error  for  each  VOR  station  represents  the  average  of  the  absolute 
value  of  12  individual  readings  taken  at  approximately  6-minute  intervals. 
The  radial  accuracy  specification  was  not  met;  however,  the  VOR  radial 
accuracy  was  operationally  satisfactory  using  the  CDI. 

Antenna  Evaluation 

At  any  given  point  on  a  radial  the  indicated  VOR  radial  should  be 
the  same  regardless  of  aircraft  heading;  if  it  is  not,  aircraft  antenna 
pattern  irregularities  are  the  probable  cause.  To  investigate  this,  the 
error  for  each  data  point  was  grouped  into  12  30-degree  segments  of  a 
circle.  The  average  error  for  all  data  points  in  each  segment  was  cal¬ 
culated  and  plotted  on  polar  coordinates.  The  resulting  pattern  revealed 
antenna-related  problems  in  VOR  operation.  Figure  17  shows  the  VOR  errors 
relative  to  aircraft  heading.  The  test  was  conducted  under  actual  operat¬ 
ing  conditions  using  five  VOR  stations  on  frequencies  between  108.4  and 
116.4  mHz.  The  distance  between  the  aircraft  and  the  VOR  station  varied 
between  7  and  70  NM.  The  VOR  antenna  system  was  found  satisfactory. 

VOR  Maximum  Range 

The  maximum  range  for  VOR  reception  was  measured  near  Bakersfield, 
California,  in  the  San  Joaquin  Valley,  using  VOR  stations  located  north¬ 
west  of  Bakersfield.  This  location  provided  line-of-sight  radio  paths 
without  interference  from  hills  or  mountainous  terrain.  The  tests  were 
conducted  by  tuning  in  a  VOR  station  and  then  descending  until  the  signal 
became  unusable.  These  tests  were  conducted  on  both  inbound  and  outbound 
headings  to  the  station.  The  acceptable  maximum  range  was  calculated 
as  a  function  of  distance  and  altitude  above  the  VOR  station. 

No  specific  reference  for  the  maximum  range  required  could  be  located. 
Since  the  VOR  and  tacan  radial  functions  are  similar  in  mission  require¬ 
ments,  it  was  assumed  that  the  VOR  maximum  range  should  be  equal  to  the 
tacan  maximum  range  requirements.  Table  XXIV  shows  the  results  of  the 
VOR  maximum  range  tests  for  usable  radial  information.  The  test  demon¬ 
strated  that  the  maximum  range  of  the  VOR  receiver  exceeded  the  80  percent 
of  the  line-of-sight  radio  path  distance  at  all  test  points.  This  was 
adequate  range  for  navigation  requirements . 
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ILS  Localizer 


To  evaluate  the  ILS  localizer  function  of  the  systems,  the  aircraft 
was  flown  in  both  level  and  normal  descent  approaches  along  the  Edwards 
AFB  ILS  localizer  beam.  The  pilot  attempted  to  keep  the  course  indicator 
centered  at  all  times.  The  aircraft  was  tracked  with  a  tracking  radar 
and  its  position  relative  to  the  localizer  beam  (extended  runway  center 
line)  was  plotted.  The  radar  data  plots  are  shown  in  figures  18  and  19. 
The  maximum  deviation  from  the  centerline  was  approximately  200  feet. 
During  the  final  1.5  miles  of  the  approach  the  deviations  were  negligeble 
The  ILS  localizer  receiver  function  of  the  ARN-82  VOR  receiver  was  satis¬ 
factory. 


AN/APN-17HV)  Radar  Altimeter  System 

Description . 

The  AN/APN-171 (V)  R'  ?r  Altimeter  System  was  an  electronic  low-level 
altitude  indicating  syst  .n  intended  to  provide  indications  of  precise 
altitude  above  ground  level  (AGL)  from  0  to  5,000  feet.  The  radar  alti¬ 
tude  was  displayed  to  both  pilot  and  copilot  on  ID-1345/APN-171 (V)  Height 
Indicators.  The  indicators  featured  a  manually  set,  low-level  warning 
lamp  to  warn  that  a  predetermined  low  altitude  limit  had  been  reached. 

The  RT-804/APN-171 (V)  Receiver-Transmitter  radiated  pulses  of  C-band 
microwave  energy  downward  and  measured  the  time  required  for  the  echo 
to  return  from  the  terrain  below  the  aircraft,  using  a  leading  edge 
electronic  tracking  loop  which  locked  onto  the  radar  range  of  the  terrain 
nearest  the  aircraft. 

Two  AS-1858/APN-171 (V)  Antennas  were  used  for  transmitting  and 
receiving  the  RF  energy.  They  were  mounted  on  the  lower  surface  of  the 
tail  boom. 

The  ID-1345/APN-171 (V)  Height  Indicators  included  a  black  and  yellow 
striped  flag  which  indicated  loss  of  altitude  tracking  and/or  loss  of 
power.  The  system  had  a  self-test  feature  to  check  its  operation  by 
depressing  the  push-to-test  knob  located  on  the  lower  left  corner  of  the 
altitude  indicator.  The  pointer  indicated  100  +15  feet  when  the  system 
was  functioning  properly.  Rotation  of  the  knob  also  turned  on  the  system 
and  changed  the  low-level  warning  lamp  limit  index. 

Test  Objective. 

The  objective  of  this  test  was  to  determine  che  accuracy  of  the 
AN/APN-171 (V)  Radar  Altimeter  System. 

Flight  Test 

Accuracy  tests  of  the  system  were  made  while  flying  over  Rogers  Dry 
Lake.  The  AFFTC  phototheodolite  tracking  range  was  used  to  measure  the 
aircraft  altitude  in  the  500  to  5,000  feet  AGL  range.  A  calibrated  fly¬ 
by  tower  was  used  to  measure  the  altitude  in  the  10  to  300  foot  AGL  range 
The  accuracy  of  the  data  from  the  fly-by  tower  and  the  Askania  range  were 
both  approximately  +3  feet. 


28 


UWJSSJS.P 


Table  XXV  shows  data  obtained  during  the  calibrated  flights .  Each 
data  point  was  repeated  three  times  and  the  results  were  averaged.  The 
limited  number  of  data  samples  precluded  a  determination  as  to  whether 
the  errors  were  system  errors  or  random  errors.  Specified  accuracy  re¬ 
quirements  of  +5  feet  or  +3  percent,  whichever  was  greater,  were  met 
at  all  test  altitudes  (reference  24) . 

The  possibility  existed  for  the  radar  altimeter  to  detect  radar 
energy  reflected  from  a  sling  load  under  the  aircraft  and  thus  display 
the  distance  to  the  load  rather  than  to  the  ground.  A  55-gallon  drum 
was  attached  to  a  90 -foot  rope  and  tests  were  conducted  in  hover  and 
at  60  KIAS .  During  this  test  the  altimeter  operation  was  not  affected 
by  this  s.ling  load;  however,  the  possibility  of  lock  up  still  exists 
for  larger  sling  loads.  A  NOTE  should  be  placed  in  the  Flight  Manual 
stating  that  the  radar  altimeter  may  possibly  lock  up  on  a  sling  load 
rather  than  che  terrain.  Based  on  accuracy  requirements  stated  in 
reference  24,  the  radar  altimeter  was  operationally  satisfactory.  (R  26) 

71-10410/ ARN  Marker  Seacon  Receiver 

Description. 

The  marker  beacon  receiver  system  included  the  R-1041(  ) /ARN  Marker 
Beacon  Receiver,  AT-640(  )/ARN  Antenna,  and  indicator  lamps  which  were 
part  of  ID-387/ARN  Course  Indicators. 

The  marker  beacon  receiver  was  a  fixed-frequency  75  mHz  receiver 
which  provided  the  pilot  and  copilot  with  visual  and  aural  indications 
for  determining  when  the  aircraft  was  with^.i  the  radiation  pattern  of  a 
75  mHz  marker  beacon  transmitting  station.  When  the  aircraft  was  within 
the  beacon  radiation  field,  the  marker  beacon  indicator  lamp  on  the 
course  indicator  flashed  in  response  to  modulation  of  the  marker  beacon 
signal.  The  audio  signal  received  from  the  beacon  was  routed  through 
direct  inputs  of  the  audio  control  panels  to  aircrew  headsets.  The  HIGH- 
LOW-OFF  switch,  located  on  the  pilot  TACAN-VOR  panel,  selected  the  sen- 
tidily  of  the  marker  beacon  receiver,  and  controlled  dc  power  to  the 
receiver.  When  the  switch  was  placed  in  the  LOW  position,  receiver  sen¬ 
sitivity  was  reduced  to  more  closely  define  the  position  of  the  aircraft 
when  operating  at  low  altitude. 

Test  Objective. 

The  marker  beacon  receiver  system  was  evaluated  to  determine  if  it 
functioned  satisfactorily  when  the  aircraft  was  flown  over  a  marker  beacon 
at  altitudes  typical  of  ILS  approach  procedures. 

Flight  Test. 

The  aircraft  was  flown  ovev  the  Edwards  AFB  outer  marker  beacon 
at  altitudes  of  5,000,  1,700,  and  500  feet  AGL.  As  the  aircraft  overflew 
the  marker  beacon,  its  flightpath  was  recorded  by  space  positioning  radar. 
The  pilot  reported  the  beginning  and  end  of  audio  and  light  indications 
from  the  marker  beacon  receiver  by  air-ground  radio.  The  aircraft  posi¬ 
tion  at  start  and  stop  of  indications  was  marked  on  the  radar  plots  for 
later  analysis. 


Test  data  are  shown  in  table  XXVI.  Reference  25  required  that  the 
antenna  pattern  symmetry  be  such  that  the  duration  of  marker  beacon  indi¬ 
cation,  when  approaching  a  marker  beacon  station,  would  be  no  more  than 
50  percent  greater  than  the  duration  of  marker  beacon  indications  when 
leaving  a  marker  beacon  station.  Thus  the  ratio  of  the  reception  dis¬ 
tance  before  station  passage  to  the  reception  distance  after  station 
passage  had  to  be  greater  than  0.67  and  less  than  1.5.  The  marker  beacon 
functioned  satisfactorily  at  the  HIGH  and  LOW  sensitivity  settings  but  the 
pattern  symmetry  ratio  was  slightly  less  than  the  specification  requirement. 

Placing  the  receiver  sensitivity  switch  in  the  LOW  sensitivity  posi¬ 
tion  reduced  the  flight  distance  for.  which  tone  and  light  indications 
were  received  by  approximately  one  half.  Using  the  LOW  sensitivity  posi¬ 
tion  at  a  5,000-foot  altitude  resulted  in  missing  the  marker  beacon  indi¬ 
cation.  A  NOTE  should  be  placed  in  the  Flight  Manual  indicating  that  the 
HIGH  sensitivity  position  should  always  be  used  above  published  outer 
marker  altitude.  After  reaching  published  altitude,  the  LOW  sensitivity 
position  could  be  selected  to  identify  the  outer  and  inner  markers  more 
accurately.  (R27) 

AN/APX-72  Transponder  Set  (IFF) 

Description . 

The  IFF  Radar  Identification  Set  permitted  automatic  identification 
of  the  aircraft  when  interrogated  by  friendly  surface  and  airborne  radar 
equipment.  The  RT-859/APX-72  Receiver-Transmitter,  AT-741A  Anrenna,  and 
C-6280 (P)/APX  Control  Panel  enabled  the  aircraft  to  reply  to  radar  inter¬ 
rogations  in  modes  1,  2,  and  3/A.  When  the  AAU-21A  Altimeter-Encoder  was 
installed,  encloded  pressure  altitude  data  (reference  to  altimeter  setting 
ALTSTG  29.92)  was  supplied  to  the  transponder  for  mode  C  operation.  In¬ 
stallation  of  the  KIT- 1A/TSEC ,  Mark  XII  Computer  enabled  mode  4  operation. 

A  TS-1843/APX  Test  Set  provided  an  infligh  .  test  capability  of  the  identifi¬ 
cation  system  in  modes  1,  2,  3/A,  and  C  by  indicating  either  satisfactory 
or  unsatisfactory  system  operation.  This  system  also  provided  a  tone 
input  to  the  audio  control  panel  when  valid  mode  4  IFF  interrogation  and 
replies  were  present. 

Test  Objectives. 

The  objectives  of  the  test  were  to  evaluate  the  set  in  accordance 
with  DOD  AIMS  Document  No.  153,  reference  26.  Level  2  testing  was  con¬ 
ducted  to  determine  the  adequacy  of  the  IFF  antenna  system  and  to  deter¬ 
mine  agreement  between  the  altitude  indicated  by  the  cockpit  altimeter 
and  the  altitude  reported  to  the  ground  via  the  mode  C  function.  Level 
M  testing  was  conducted  to  determine  the  functional  adequacy  of  the 
secure  IFF  mode  4  function.  Levels  1,  3,  and  4  testing  to  calibrate  the 
pitot-static  system  will  be  documented  in  the  Category  II  performance 
report  (reference  8) . 

Ground  Test. 

To  evaluate  the  full  capabilities  of  the  system  in  all  modes,  an 
AAU-21A  Altimeter-Encoder  and  a  KIT-1A/TSEC,  Mark  XII  Computer  were 
installed  in  the  test  aircraft.  The  AN/APN-123 (V)  Transponder  Test 
Set  was  used  to  interrogate  the  identification  friend  or  foe  (IFF)  system 


in  modes  1,  2,  3A/C  and  4  during  ground  test. 

The  following  discrepancies  were  identified  and  corrected  before  all 
the  modes  of  operation  could  be  verified: 

1.  The  wiring  harness  to  connector  P916  was  short,  making  the  connector 
difficult  to  insert  into  the  mating  plug  on  the  RT-859/APX-72 .  This 
problem  also  existed  on  aircraft  774.  It  was  not  necessary  to  rewire 
the  aircraft,  but  UMR  71-326  (closed)  was  submitted. 

2.  When  the  Mark  XII  computer  was  installed  in  the  MT-3951/U  Mount, 
the  KIK-18/TSEC  Code  changer  key  could  not  be  properly  placed  to 
code  the  computer  due  to  physical  interference  between  the  code 
changer  key  and  the  flexible  shaft  cable  used  to  adjust  the  posi¬ 
tion  of  the  copilot  directional  control  pedals.  This  problem 

was  resolved  by  removing  a  1-inch  spacer  under  a  clamp  holding  the 
flexible  shaft  at  the  floor  level,  thus  allowing  the  flexible  shaft 
cable  to  be  moved  enough  to  clear  the  changer  key. 

3.  The  test  aircraft  was  originally  equipped  with  AAU-7/A  Altimeters. 

The  wiring  required  for  installation  of  the  AAU-21A  Altimeter- 
Encoder  was  installed  on  the  left  (copilot)  instrument  panel. 

The  two  altimeters  generally  indicated  slightly  different  altitudes, 
therefore  the  primary  aircraft  altimeter  should  be  used  to  provide 
data  for  the  mode  C  function.  The  aircraft  wiring  should  be  modified 
to  provide  for  installation  of  the  AAU-21A  Altimeter-Encoder  in  the 
pilot's  instrument  panel.  (R28) 

4.  Wiring  provisions  in  the  test  aircraft  provided  only  28-vdc 
power  to  the  Mark  XII  computer.  Mark  XII  computers  in  the  Air 
Force  inventory  required  115-volt,  400-Hz  ac  power  for  operation. 

A  Class  II  modification  of  the  aircraft  was  incorporated  to  make 

ac  power  available.  This  was  done  in  advance  of  Bell  engineering’s 
proposed  ECP  UH-1N  580ER-l2  which  would  accomplish  the  same  result. 
This  ECP  should  be  incorporated  in  all  UH-1N  aircraft  intended  for 
use  with  this  equipment.  (R  29) 

5.  The  mode  2  code  selection  wheels  and  the  Mark  XII  computer  were  so 
located  that  ground  crew  personnel  had  to  reach  around  the  directional 
control  pedals  to  reach  or  install  the  Mark  XII  computer  or  change 
the  mode  2  code  wheels  (figure  20).  Considering  that  in  combat  opera¬ 
tions  the  mode  2  and  mode  4  codes  may  require  changing  between  mis¬ 
sions  or  on  a  daily  basis,  these  units  should  be  relocated  to  a 
position  that  would  improve  their  accessibility.  (  R  30) 

Code  Hold/Zero  Function 

The  code/hold  on/off  function  was  tested  during  ground  tests.  When 
the  code  hold  switch  was  placed  in  the  ON  position  and  the  code  switch 
on  the  C-6280(P)  APX  control  panel  was  placed  in  the  HOLD  position,  the 
mode  4  code  was  not  erased  when  electrical  power  was  removed.  This  action 
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also  illuminated  an  IFF  code  hold  caution  light.  When  the  code  switch 
was  placed  in  the  ZERO  position,  the  IFF  code  was  erased  and  the  IFF 
caution  light  was  illuminated,  indicating  that  mode  4  operation  was  no 
longer  available.  The  code  hole/zero  function  system  operated  satis¬ 
factorily  during  the  test. 

Flight  Test  Method  and  Analysis. 

Mode  Verification 

T.„o  Prototype  Aircraft  Checkout  Facility  (PACF)  TS-1762A/UPM-92  in¬ 
stalled  at  AFFTC  was  used  to  interrogate  the  identification  system  during 
flight  test.  This  facility  provided  a  low  power  ground  station  capable 
of  interrogating  the  identification  system  in  all  the  above  modes. 
Satisfactory  reply  pulses  were  identified  by  a  correct  reply  light. 

An  oscilloscope  was  also  available  to  verify  the  pulse  codes  received. 

The  aircraft  was  flown  at  10,000  feet  MSL  within  25  NM  of  the  PACF 
site.  Each  mode  was  interrogated  by  the  PACF  with  all  mode-enable  switches 
in  the  ON  position.  The  test  was  repeated  with  one  mode-enable  switch  at 
a  time  switched  ON  and  all  other  modes  switched  OFF.  Operation  of  modes 
1,  2,  3/A,  C,  and  4  were  verified  at  the  PACF  site.  Correct  operation  of 
the  cockpit  code  selection  switches  for  modes  1  and  3/A  were  verified 
at  the  PACF  site.  Correct  operation  of  the  cockpit  code  selection 
switches  for  modes  1  and  3/A  were  verified  on  each  digit.  Satisfactory 
operation  was  obtained  in  all  modes  and  switch  positions. 

Antenna  Pattern 

The  radiation  pattern  of  the  AT-741A  Antenna  was  measured  by  flying 
cloverleaf  patterns  over  a  point  15  NM  from  the  PACF,  at  10,000  feet 
pressure  altitude.  Radar  tracking  was  used  to  vector  the  aircraft  over 
the  reference  point  on  each  heading.  The  relative  signal  strength  was 
measured  while  interrogating  the  transponder  in  mode  2.  The  UH-1N  air¬ 
craft  used  one  IFF  antenna  located  on  the  bottom  of  the  aircraft  near 
the  rear  of  the  fuselage.  The  antenna  radiation  pattern  obtained  at  90 
KI AS  (figure  21)  was  unacceptable  due  to  the  deep  null  off  the  nose  of 
the  aircraft.  This  null  was  not  observed  at  60  KIAS,  when  the  nose-down 
attitude  of  the  aircraft  decreased  approximately  4  degrees.  An  additional 
top-mounted  fuselage  antenna  with  an  antenna  switching  unit  should  be 
installed  to  improve  the  radiation  pattern.  (R  31) 

Altitude  Correlation 

The  aircraft  was  flown  at  1,000-foot  altitude  intervals  between 
3,000  and  10,000  feet  pressure  altitude.  While  stabilized  at  each  alti¬ 
tude,  the  PACF  altitude  ''eadout  was  recorded.  The  aircraft  was  also 
flown  at  a  constant  des  --t-e  of  2,000  feet  per  minute,  starting  at 

a  pressure  altitude  of  '  and  descending  to  3,000  feet.  The 

pilot  radioed  the  altii  ■  ted  by  the  AAU-21A  when  passing  thru 

each  500-foot  altitude  m,  •  and  the  ground-reported  readout  was 
recorded. 

The  AIMS  requirements  for  mode  C  altitude  reporting  specified  that 
the  altitude  displayed  by  the  cocknit  altimeter  and  by  the  ground  station 
agree  within  KL25  feet  (reference  26). 
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The  altitudes  reported  to  the  PACF  were  all  within  the  required 
+125  feet;  however,  the  altitudes  recorded  at  the  ground  station  during 
the  test  were  approximately  50  feet  higher  than  the  cockpit-indicated 
altitude.  This  error  was  attributed  to  a  fixed  error  associated  with 
the  encoder  section  of  the  AAU-21/U  instrument  used  in  the  test.  Mode 
C  operation  was  satisfactory. 


Maximum  Range 


The  aircraft  was  flown  outbound  from  the  ground  station  at  10,000 
feet  pressure  altitude  until  the  mode  4  and  mode  2  signals  were  received 
intermittently.  The  course  was  reversed  and  the  maximum  lange  on  an  in¬ 
bound  heading  was  determined.  The  maximum  ranges  recorded  during  this 
test  were  not  representative  of  the  maximum  range  capabilities  when  using 
operational  radars  to  interrogate  the  transponder,  because  of  the  low 
output  power  of  the  PACF. 


Using  the  PACF  to  interrogate  the  transponder,  the  maximum  range 
on  an  outbound  heading  was  32  NM.  At  this  range  both  modes  2  and  4  were 
equal  in  signal  strength.  When  the  aircraft  was  on  ar.  inbound  course 
the  maximum  range  was  20  NM  at  60  KIAS  airspeed  and  15  NM  at  90  K1AS 
airspeed.  This  decrease  in  range  agreed  with  the  antenna  pattern  results 
presented  above.  When  the  aircraft  was  placed  in  a  20-degree  noseup 
attitude  while  inbound  at  a  distance  of  32  NM,  transponder  replies  wei>s 
received  satisfactorily.  The  maximum  range  was  satisfactory  when  the 
aircraft  attitude  was  favorable. 


Code  Function 

During  mode  4  operational  test,  the  ground  station  and  pilot  switched 
between  IFF  codes  A  and  B.  The  system  continued  to  operate  satisfactorily 
on  either  code. 

RELIABILITY  AND  MAINTAINABILITY 

This  section  presents  the  results  of  the  UH-1N  R&M  evaluation  for 
the  Category  II  test  program.  The  period  covered  is  from  17  October  1970 
through  15  July  1971.  Data  were  generated  from  the  operation  of  aircraft 
S/N  68-10774  from  19  October  1970  through  15  July  1971,  from  aircraft 
S/N  68-10776  from  17  October  1970  through  15  July  1971  and  from  aircraft 
S/N  69-6610  from  26  October  1970  through  15  July  1971. 

These  aircraft  were  not  tested  in  an  operational  environment;  how¬ 
ever,  peculiarities  of  the  test  environment  were  eliminated  from  the 
data  or  accounted  for  whenever  possible.  P&M  data  were  collected  and 
analyzed  using  the  Systems  Effectiveness  Data  System  (SEDS) .  A  descrip¬ 
tion  of  S EDS  is  presented  in  appendix  II. 

Mission  Reliability 

The  data  presented  here  is  intended  to  provide  numerical  analysis 
of  subsystem  reliability.  Reliability  data  were  obtained  by  using  failure 
information  from  the  dt-oriefing  file;  therefore,  the  study  was  based  on 
flight  crew-discovered  malfunctions.  As  subsystem  malfunctions  occurred, 
they  were  classified  as  degraded  operations  or  failures.  A  degraded 
operation  existed  when  the  performance  of  a  subsystem  was  below  normal 
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operating  specifications,  b  i  still  usable.  When  a  subsystem  was 

rendered  unusable,  the  malfunction  was  classified  as  a  subsystem  failure. 
ThejLt.  "are  two  types  of  subsyetem  failures,  no-abort  and  abort.  No-abort 
failures  occurred  when  the  subsystem  failed,  but  the  failed  component 
was  not  mission  essential  and  did  not  aause  a  mission  to  be  aborted. 

When  a  subsystem  was  mission  essential  and  had  a  failure  that  caused  the 
mission  to  be  terminated  before  completion,  the  malfunction  was  clas¬ 
sified  as  an  abort  failure.  The  inflight  Malfunction  Review  (appendix 
III)  presents  the  inflight  malfunctions  and  the  associated  corrective 
actions . 


Subsystem  Mission  Malfunction  Report . 

The  Subsystem  Mission  Malfunction  Report  (table  XXVII)  shows  the 
flight  time  and  the  number  of  malfunctions  that  occurred  on  the  various 
aircraft  subsystems.  Also  shown  is  the  number  of  missions  on  which  each 
subsystem  had  no  malfunctions.  The  operating  time  of  each  subsystem  was 
taken  to  be  the  flight  time  on  those  missions  when  the  subsystem  was 
used.  No  time  was  credited  for  ground  operating  time  or  maintenance 
checkout  time. 

Two  systems  showed  an  extremely  large  number  of  malfunctions.  The 
rotor  systems  and  turboshaft  powerplant  exhibited  89  and  25  discrepancies 
respectively.  These  discrepancies  generally  required  adjustments  rather 
than  component  replacements.  The  replacement  of  a  main  rotor  blade  in 
two  cases  resuite  .  in  a  large  number  of  functional  check  flights  (FCF's). 
The  FCF's  were  required  fa  check  the  effect  of  previous  rotor  tracking 
adjustments.  Therefore,  each  FCF  represented  a  previous  inflight  mal¬ 
function  of  the  ro^or  system.  The  FCF's  continued  until  correct  rotor 
tracking  was  obtained.  Similarly,  replacement  of  a  power  section  re¬ 
quired  adjustments  which  necessitated  subsequent  FCF's.  Likewise,  each 
FCp  resulted  in  a  discrepancy  until  satisfactory  operation  of  the  power 
section  was  obtained. 

Subsystem  Mission  Reliability  Report. 

The  Subsystem  Mission  Reliability  Report  (table  XXVIII)  shows  cal¬ 
culated  values  of  the  mean  times  between  malfunctions  according  to  type. 
The  large  differences  between  some  of  the  measured  mean  times  and  the 
associated  lower  confidence  limits  (LCL's)  resulted  from  the  low  malfunc¬ 
tion  rate  of  some  subsystems.  Calculation  procedures  are  j resented  in 
appendix  IV.  Based  on  these  procedures,  the  UH-1N  demonstrated  a  mean 
time  between  subsystem  failures  (MTBF)  of  9.2  hours.  There  were  no  con¬ 
tractor  specified  or  predicted  reliability  statistics  for  comparison 
purposes,  but  no  significant  growth  in  mission  reliability  was  shown 
throughout  the  Category  II  program. 

The  ids  in  measured  subsystem  MTBF's  for  several  work  unit  code 
(WUC)  g*-  are  shown  in  figures  22  and  23.  The  data  presented  in  these 

graphs  a;  •  t  ’•ages  for  the  previous  6  months,  except  for  the  first  4 
months;  t  ...  is,  the  MTBF  shown  for  15  December  19  70  includes  all  data 
from  16  Out  b.r  .970  through  15  December  1970.  WUC  groups  not  shown  had 
an  insuffioi'  number  of  failures  to  develop  any  type  of  trend.  Figure 

24  presents  the  trend  in  mean  time  between  subsystem  failures  for  the 
overall  UH- IN  aircraft. 


The  following  systems  exhibited  low  inflight  malfunction  rate's  and 
were  not  major  mission  reliability  problems:  airframe,  fuselage  compart¬ 
ment,  landing  gear,  flight  controls,  air  conditioning,  lighting  system, 
hydraulic  power  supply,  fuel  system,  miscellaneous  utilities,  interphone, 
IFF,  VHF-FM,  radar  navigation,  and  weapon  delivery  systems. 

The  following  system;  were  sources  of  mission  reliability  problems: 

1.  The  turboshaft  powerplant  exhibited  an  MTBF  of  37.6  hours.  Failures 
of  two  power  sections,  fuel  controls,  and  engine  instruments  were 
reliability  problems. 

2.  The  transmission  system  exhibited  an  MTBF  of  97.8  hours.  Blov/n 
transmission  oil  filter  gaskets  and  false  indications  of  high 
transmission  oil  temperatures  were  the  major  reliability  problems. 

3.  The  electrical  power  supply  exhibited  an  MTBD  of  61.1  hours.  Gen¬ 
erators  dropping  off  the  line  caused  the  only  major  problem. 

4.  The  instruments  exhibited  an  MTBF  of  163  hours.  Failures  of  gyros, 
attitude  indicators,  and  RMI  amplifiers  were  the  major  problems. 

5.  The  VHF-AM  communications  system  exhibited  an  MTBF  of  98.8  hours. 

The  AN/ARC-115  Receiver-Transmitter  was  the  high  failure  rate  com¬ 
ponent. 

6.  The  radio  navigation  equipment  was  generally  satisfactory,  except 
for  the  tacan  subsystem  which  exhibited  an  MTBF  of  107,0  hours  and 
the  UHF-direction  finder  which  exhibited  an  MTBF  of  47.2  hours. 

The  RT-471/ARN-65  Receiver-Transmitter  was  the  high  failure  rate 
component  in  the  tacan  subsystem.  The  AM-3624/ARA-50  Amplifier  was 
the  high  failure  rate  component  of  the  UHF-direction  finder. 

Efforts  should  be  continued  to  improve  the  reliability  of  the  systems 
cited  above.  (R  32) 

The  following  systems  were  not  used  sufficiently  to  nrovide  meaning¬ 
ful  reliability  statistics:  high  frequency  communication^ ,  miscellaneous 
communications,  emergency  equipment,  miscellaneous  equipment,  and  explo¬ 
sive  devices.  These  systems  have  not  demonstrated  any  reliability  char¬ 
acteristics.  Using  command  experience  will  be  required  to  define  the 
reliability  of  these  systems. 

Hardware  Reliability 

An  analysis  of  all  failures  (both  aircrew-  and  groundcrew-discovered) 
and  calculated  hardware  MTBF 1 s  is  presented  in  this  section.  Maintenance 
data  from  the  entire  Category  II  test  program  was  used  as  the  basis  for 
the  reliability  analysis.  Failures  not  contained  in  the  SEDS  master 
history  file  due  to  inadequate  documentation  by  maintenance  personnel 
were  identified  by  screening  the  Maintenance  Discrepancy /Work  Record 
(AFTO  Form  781A)  forms  for  each  aircraft.  These  forms  contained  all 
writeups  (both  groundcrew-  and  aircrew-discovered)  ana  the  associated 
maintenance  action  to  correct  each  malfunction. 


Table  XXIX  presents  hardware  reliability  at  the  major  system  level 
(first  two  digits  of  the  WUC) ,  except  for  the  avionics  systems  where 
data  is  presented  at  the  subsystem  level  (third  digit  of  the  WUC) .  Appen¬ 
dix  V  discusses  failure  definitions  and  method  of  MTBF  calculation.  The 
MTBF  statistics  are  based  on  489.1  airframe  hours. 


Maintainability 

Maintenance  data  collected  in  the  SEDS  from  16  January  1971  through 
15  July  1971  were  the  basis  for  the  maintainability  analysis.  Maintenance 
data  collected  before  16  January  1971  were  inaccurately  documented  and  were 
not  included  for  that  reason.  Data  gathered  at  Eglin  AFB  in  the  Climatic 
Laboratory  were  deleted,  since  it  was  not  a  representative  maintenance 
environment.  Likewise,  data  gathered  at  Cold  Lake,  Canada,  were  deleted 
due  to  inadequate  documentation  of  the  rotor  rigging  problems  which  were 
encountered  there.  A  numerical  analysis  of  the  maintenance  manhours  per 
flying  hour  (MMH/FH)  based  on  the  remainder  is  presented  in  this  section. 

The  personnel  subsystem  test  and  evaluation  (FSTE)  section  of  this 
report  identifies  human  engineering  and  accessibility  problems  which 
contributed  to  the  amount  of  time  required  to  maintain  the  UH-1N. 


Maintenance  Manhours 


Table  XXX  presents  the  MMH/FH  expended  and  the  percent  of  the 
total  MMH/FH  for  each  WUC  group.  In  addition,  subtotals  of  support 
general,  corrective  MMH/FH,  and  total  MMH/FH  are  shown.  The  MMH/FH 
statistics  are  based  on  260.1  flying  hours.  This  value  for  flying  hours 
reflects  the  deletion  of  maintenance  data  described  previously.  Dis¬ 
cussion  of  the  method  used  to  calculate  MMH/FH  values  appears  in  appen¬ 
dix  VI. 


Support  general  maintenance  accounted  for  13.5  MMH/FH  which  was  72.1 
percent  of  all  maintenance  performed.  Ground  handling,  servicing,  and 
inspections  totaled  10.3  MMH/FH  with  preflights,  postflights  and  periodic 
phase  inspections  accounting  for  1.6,  1.7  and  3.C  MMH/FH,  respectively. 

The  measured  corrective  maintenance  MMH/FH  total  was  5.3.  This  was 
27.9  percent  of  all  maintenance  performed.  The  airframe  contributed  1.7 
MMH/FH  which  resulted  from  cowling  removals  to  facilitate  other  mainte¬ 
nance  and  time  required  to  repair  cracks  which  were  frequently  discovered 
during  periodic  phase  inspections.  AFFTC  RUMR  R70-905  (closed),  detailing 
the  excessive  manhours  required  to  remove  and  replace  the  engine  cowling, 
was  submitted. 


The  flight  control,  rotor,  and  powerplant  systems  accounted  for  0.5, 
0.3,  and  0.8  MMH/FH,  respectively.  The  MMH/FH  for  these  systems  basically 
reflected  their  discrepancy  rates  as  obtained  during  Category  II  testing. 

The  high  MMH/FH  rate  of  the  VHP  communications  system  was  caused  by 
the  addition  of  TCTO  1H-1UH-506  to  UH-1N  610.  The  modification,  designed 
to  improve  che  operation  of  the  VHF  system,  added  approximately  0.4 
MMH/FH  not  related  to  corrective  maintenance. 

All  remaining  systems  consumed  a  small  amount  of  corrective  mainte¬ 
nance  time  and  were  not  major  maintainability  problem  areas. 


Figure  25  presents  the  support  general  and  total  MMH/FH  for  data 
obtained  from  16  January  through  15  July  1971.  The  data  presented  in 
this  graph  are  one-month  averages;  that  is,  the  MMH/FH  for  15  April 
includes  data  from  16  March  through  15  April.  As  can  be  seen,  no 
recognizable  trends  or  growth  in  maintainability  developed  during  the 
Category  II  program. 

Availability 

Aircraft  availability  is  a  measure  of  the  degree  to  which  an  air¬ 
craft  is  in  the  operable  and  committable  state  at  the  start  of  the  mis¬ 
sion,  when  the  mission  is  called  for  at  an  unknown  (random)  point  in  time. 
Inherent  availability  is  a  function  of  aircraft  reliability,  the  effec¬ 
tiveness  of  maintainability  design,  and  the  adequacy  of  the  contractor- 
recommended  numbers  of  maintenance  personnel,  spares,  AGE,  and  T.O.'s, 
but  not  the  operational  environment.  Inherent  availability  can  be  ex¬ 
pressed  by  the  formula,: 


A  =  T°tal  Time  -  Active  Repair  Time 


Total  Time 


For  ease  of  computing  the  active  repair  time  the  following  formula  was 
used: 


A. 


l 


AH/DAY  - 


MART  FLT  MAPT  PI  FH  FLT 

FLT  DAY  PI  FH  FLT  DAY 


AH/DAY 


where : 

A^  =  inherent  aircraft  availability 

AH /DAY  =  active  hours  per  day  that  the  aircraft  was  available 

for  flying  and/or  maintenance. 

MART/FLT  =  mean  active  hours  to  repair  the  aircraft  between  succes¬ 
sive  flights. 

MAPT/PI  =  mean  active  hours  required  to  complete  a  phase  inspection 

PI/FH  =  number  of  phase  ir  .actions  per  flight  hour 

FH/FLT  =  number  of  flying  hours  per  flight 

FLT/DAY  =  number  of  flights  per  day 

The  MART/FLT  and  the  MAPT/PI  were  calculated  using  only  active 
maintenance  times,  since  administrative  and  logistic  delays  were  a  func¬ 
tion  of  the  maintenance  management  at  each  operational  unit  and  therefore 
must  be  excluded  from  any  calculation  on  inherent  availability.  Also 
excluded  were  times  for  any  support  general  maintenance.  Figure  26 
presents  results  obtained  from  Category  II  testing  from  16  January  1971 
through  15  July  1971  on  aircraft  774,  776,  and  610.  The  Category  II 
Aj_  calculations  were  broken  down  as: 


MART/FLT  =  1.83  active  hours  per  flight 

MAPT/PI  =  21.1  active  hours  per  phase  inspection 

PI/FH  =  0.04  phase  inspections  per  flying  hour  (a  constant) 


FH/FLT  =  1.5  flying  hours  per  flight  (arbitrarily  chosen  as  a 
typical  flight  length) 

FLT/DAY  =  1,  2,  or  3  flights  per  day  (calculations  were  made  for 

each  case)  . 

AH/DAY  =  8,  16,  or  24  hours  per  day  (calculations  were  made  for 
each  case) 

Comparison  of  actual  operational  results  with  the  Category  II 
achieved  results  will  assist  an  operational  unit  in  determining  both  in¬ 
herent  aircraft  availability,  and  also  what  must  be  improved  to  achieve 
the  desired  availability.  The  major  factors  that  significantly  affect 
inherent  availability  are  MART/FLT,  MAPT/PI,  and  AH/DAY. 

For  example,  if  an  operational  unit  determined  that  the  availability 
must  be  increased,  they  may  need  to  decrease  MAPT/PI  and  MART/FLT  by  in¬ 
creasing  manning,  or  increasing  the  length  of  the  workday  (AH/DAY) . 


PERSONNEL  SUBSYSTEM  TEST  AND  EVALUATION 

During  the  UH-lN  Category  II  test,  a  limited  Personnel  Subsystems 
Test  and  Evaluation  (PSTE)  was  conducted.  Primary  emphasis  was  placed 
on  the  following  specific  goals  under  AFR  80-46: 

" . . . .  to  determine : 

1.  If  human  engineering  requirements  and  criteria  have 
been  incorporated  into  the  system  design  and  are 
adequate ; 

2.  If  biomedical  and  safety  criteria  have  been  met; 

3.  If  the  system  provides  for  efficient  human  perfor¬ 
mance  in  its  intended  operational  environment." 

The  effort  was  guided  by  the  PSTE  test  plan,  appendix  A-5  of 
reference  3.  The  main  criteria  applied  in  evaluating  PSTE  findings  were 
the  aircraft  detailed  specification  (reference  27) ,  standard  human 
engineering  practice  as  contained  in  military  standards  and  handbooks, 
references  28  through  31;  and  in  addition,  the  known  and  forseable  mis¬ 
sion  requirements.  Equipment  which  had  been  evaluated  in  other  programs 
was  not  retested  unless  the  U.I-1N  application  was  significantly  different 
in  its  environment,  mission,  or  task  load. 


Airframe 

The  cowling  surrounding  the  aircraft  engines  opened  to  provide  con¬ 
venient  and  ready  access  to  most  powerplant  components.  During  engine 
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changes,  however,  the  difficulty  experienced  in  removal  and  replacement 
of  the  baffles  and  cowling  caused  significant  maintenance  delays.  Al¬ 
though  precise  task  times  were  not  obtained,  the  maintenance  manhours 
required  to  deal  with  cowling  and  baffles  during  engine  changes  were  in 
excess  of  40  for  each  change  performed  during  the  Category  II  test.  This 
was  approximately  10  times  the  comparable  figure  for  other  aircraft  of 
this  type.  Future  versions  of  the  UH-1N  should  incorporate  cowling  which 
can  be  removed  easily  and  quickly  for  engine  changes.  (R  33) 

One  particular  baffle  fastener  had  extremely  limited  access  and  was 
more  troublesome  than  the  others .  It  was  located  on  the  middle  firewall 
installation  and  secured  the  upper  half  to  the  lower  half  adjacent  to 
the  main  power  quill  chamber.  The  fastener  can  be  identified  in  figure 
46  of  reference  32.  In  aircraft  610,  a  Philips  head  screw  and  nut  plate 
were  oriented  with  the  screw  pointing  upward;  access  to  the  screwhead 
was  blocked  by  the  engine  which  was  1/4  inch  away.  This  arrangement 
should  be  reversed  so  that  the  nut  plate  is  on  the  opposite  half-  of  the 
baffle  and  the  screw  is  pointing  downward.  (R  34) 

On  the  en  ine  cowling  installation  a  louvered  door  was  provided  in 
the  aft  lower  section  of  each  power  section  to  gain  access  to  the  fire 
extinguisher  installations.  These  doors,  P/N  212-061-812-101  and  102, 
figure  25  of  reference  32,  flexed  excessively  under  the  pressure  required 
to  operate  their  securing  latches.  The  door  generally  appeared  weak,  and 
the  hinge  assembly  was  worn  and  loosened.  The  doors  should  be  redesigned 
to  strengthen  the  door  structure.  i  R  35) 

Three  stress  panels  were  located  on  the  sides  and  center  of  the 
center  bulkhead  assembly  enclosing  the  transmission,  hoist  and  other 
components.  On  aircraft  610  these  panels  were  marked  to  indicate  they 
were  load  bearing  panels  required  for  ground  run  or  flight  operations . 

The  labels  to  this  effect  were  on  the  panels  but  not  on  any  nearby  bulk¬ 
heads,  padding  or  other  structures.  Consequently,  when  the  panel  was 
removed  the  label  was  also  removed.  Due  to  the  cautionary  nature  of  the 
message,  it  should  be  posted  on  adjacent  nonremovable  locations  to  pre¬ 
vent  possible  operation  of  the  aircraft  with  the  stress  panels  removed. 
There  may  have  been  several  other  such  stress  panels  in  this  and  other 
locations  which  were  not  observed  because  they  were  not  removed.  When 
installed,  they  were  normally  covered  with  padding  which  covered  the 
message.  The  entire  aircraft  should  be  surveyed  for  stress  panels  with 
this  marking  discrepancy.  Wherever  found,  appropriate  cautionary  labels 
should  be  applied  to  nearby  structures  which  remain  visible  and  in  place 
when  the  stress  panel  has  been  removed.  (R  39) 

On  the  right  side  of  the  forward  fuselage  a  small  door  was  installed 
to  cover  the  ground  power  receptacle  used  during  electrical  tests  and 
for  most  engine  starts.  The  door  was  secured  by  a  slotted  pan  head  "DZUS 
NUT."  As  a  convenience  to  ground  operators  this  nut  should  be  changed 
to  a  DZUS  type  wing  nut  so  that  a  screwdriver  is  not  required.  The  wing 
nut  head  should  be  aligned  with  the  airstream  in  the  latched  position. 

(R  40) 


Inside  the  nose  avionics  compartment  there  was  a  receptacle  for  a 
grounding  cable  plug  near  the  main  battery  connector.  To  use  this  ground 
point,  the  cover  of  the  compartment  had  to  be  opened.  In  order  to  close 
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the  cover  with  the  ground  wire  attached,  the  wire  had  to  be  threaded 
through  one  of  the  openings  of  the  securing  latches.  This  ground  point 
should  be  directly  accessible  from  the  outside  because  it  is  often 
desirable  to  ground  the  aircraft  before  touching  it.  This  would  also 
save  time  and  prevent  unnecessary  wear  on  tin-  avionics  ,door  assembly. 

The  ground  receptacle  should  be  moved  to  a  arby  external  location  or 
another  receptacle  should  be  added  in  such  a  location.  (R  41) 

The  right-hand  ^uselage  post  installation  included  two  steps  covered 
by  spring  loaded  .doors.  The  steps  were  used  as  a  ladder  to  gain  access 
to  the  top  of  the  aircraft.  Two  air  ducts  were  routed  vertically  inside 
the  post  assembly.  They  were  located  just  forward  of  the  foot  steps. 

In  both  aircraft  610  and  774  these  ducts  were  damaged  by  workers’  feet. 

All  showed  abrasion  damage,  and  in  several  locations  the  air  duct  had 
been  perforated.  To  prevent  this  the  air  ducts  should  be  guarded  by  a 
sheet  metal  baffle.  (R  42) 

The  aft  portion  of  the  fuselage  of  UH-1N  610  had  a  waist-level  door 
(reference  32,  figure  161,  item  49/57;  part  number  uncertain)  which 
opened  on  a  bay  while  also  giving  access  to  the  lower  side  portion  of 
the  aft  fuselage.  This  open  space  was  an  inviting  location  in  which  to 
stow  packages  or  other  cargo.  Forward  of  this  location  and  just  aft  of 
the  cargo  door  there  were  two  other  access  doors  which  opened  on  equip¬ 
ment  bays  (reference  32,  figures  162  and  163;  P/N  250-030-026-3  and  -33, 
and  250-030-029-3  and  -031-3) .  Those  spaces  were  also  inviting  locations 
in  which  to  stow  cargo.  Placard  regulating  the  use  of  these  compartments 
for  baggage  or  other  cargo  should  be  applied.  (  R  36) 

The  two  doors  nearest  the  cargo  door  were  secured  and  latched  with 
fittings  used  in  several  other  locations  on  the  aircraft  (P/N  H60 5S063A123) 
In  this  application  the  four  latches,  two  for  each  door,  aligned  verti¬ 
cally.  If  any  one  of  them  were  left  in  the  opened  condition  serious 
interference  could  occur  between  the  latch  and  the  cargo  door.  The  rear 
edge  of  the  main  cargo  door  could  pass  over  an  open  latch;  then  the  door 
could  not  be  closed.  This  condition  required  unmounting  the  cargo  door. 
Several  latches  were  damaged  on  aircraft  610  and  774  (figure  29) .  The 
fasteners  in  this  location  should  be  changed  to  another  type  found  in 
several  locations  on  the  aircraft  such  as  P/N  90-005-5  or  -1.  (R  37) 

On  the  lower  aft  portion  of  the  engine  cowling  three  small  spring- 
loaded  doors  were  installed  to  serve  as  visual  access  to  the  transmission 
and  combining  gearbox  oil  sight  gauges.  One  door  was  located  on  the 
right  lower  aft  cowling  and  two  doors  were  in  a  larger  swing-away  door 
in  the  forward  lwer  cowling  section,  one  on  each  side.  In  all  three 
cases  the  doors  were  unusable  because  interference  with  installations 
behind  them  prevented  full  opening  and  viewing.  To  check  the  sight 
gauges  other  larger  doors  in  the  area  must  be  opened.  Designs  of  this 
nature  should  be  avoided  cn  future  helicopter  designs.  (R  38) 

During  climatic  testing  at  the  Eglin  AFB  climatic  hangar,  and  again 
during  the  Category  II  test  at  AFFTC ,  the  cockpit  window  above  the  pilot's 
seat  was  broken.  In  both  cases  the  damage  resulted  from  maintenance 
personnel  inadvertently  kicking  or  stepping  on  the  window.  The  windows 
wore  exposed  to  this  type  of  damage  during  maintenance  on  the  upper  work 
:  in  faces  due  to  their  location  and  lack  of  protection.  Rigid  covers  should 
)m  provided  and  installed  during  lengthy  periods  of  maintenance  when 
personnel  are  using  the  upper  work  surface.  (R  43) 
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The  configuration  of  the  fuselage  post  ladder  also  contributed  to 
the  likelihood  of  this  type  of  damage.  Figures  30  through  33  illustrate 
the  normal  or  "natural"  method  of  using  the  ladder.  Since  the  first  step 
was  several  inches  to  the  left  of  the  others,  the  natural  response  was  to 
climb  the  ladder  using  the  left  foot  first.  This  sequence  ended  on  the 
right  foot;  a  slip  or  error  could  result  in  damage  to  the  window.  The 
correct  method,  as  seen  in  figures  34  through  37,  required  an  awkward 
sequence  of  climbing  using  the  right  foot  first,  and  crossing  the  left 
foot  over  the  right  while  climbing,  to  end  the  sequence  on  the  left  foot. 
To  prevent  damage  while  using  the  ladder,  the  first  step  should  be  moved 
forward  to  a  position  beneath  or  to  the  right  of  the  other  step  locations. 
(R  44) 

Cockpit 

The  auxiliary  door  latch  handles  were  located  on  the  inside  of  the 
cockpit  doors  near  the  forward  edge.  They  were  provided  because  the 
regular  door  handles  v;ere  inaccessible  with  either  seat  armor  in  place 
or  with  the  seats  in  a  forward  position.  The  small  lever  was  2.75  inches 
long  and  about  0.5  inches  thick.  Actuation  forces  at  the  tip  of  the 
lever  were  27.5  pounds  to  engage  the  door  latch  and  38  pounds  to  dis¬ 
engage  the  latch.  These  forces  made  operation  of  the  door  latch  very 
difficult  and  inconvenient.  The  handle  itself  was  small  and  awkward  to 
use,  and  the  forces  required  exceeded  those  allowed  in  table  B  4.3  of 
AFSCM  80-3.  Since  the  primary  door  latch  handles  were  inaccessible  (for 
the  conditions  mentioned  above)  these  auxiliary  handles  were  the  actual 
main  handles  for  operation  of  the  doors  from  inside.  For  both  normal 
and  emergency  operations  they  should  be  easy  and  convenient  to  use.  The 
auxiliary  door  latch  levers  should  be  altered  or  redesigned  to  reduce 
the  forces  required  for  their  operation.  (R  45) 


Cargo  Area 

In  the  cargo  compartment  there  were  no  grip  points  or  other  hand 
holds  installed  in  the  overhead  areas.  Movement  of  personnel  was  seriously 
impeded  during  maintenance  and  inflight  operations  both  with  and  without 
the  main  seat  installations.  The  installation  of  several  sturdy  hand 
grips  would  make  movement  inside  the  cargo  area  safe  and  more  convenient. 
Several  functionally  located  hand  grips  should  be  installed  in  the  cargo 
area.  (R  46) 

Weapons 

The  7.62mm  minigun  installation  included  a  warning  light  in  the 
operator's  right  hand  grip.  When  illuminated,  the  light  indicated  that 
the  weapon  was  armed  and  activated,  ready  for  firing.  One  of  the  Cate¬ 
gory  II  weapons  had  a  failed  light.  It  could  not  be  determined  in  advance 
whether  or  not  the  weapon  was  ready  to  fire.  This  resulted  in  several 
dry  run  passes  over  intended  targets  because  one  of  the  preparatory  steps 
had  been  overlooked  or  incorrectly  performed.  It  also  made  it  necessary 
to  actually  fire  the  weapon  in  order  to  determine  if  it  was  ready  to  be 
fired.  On  the  first  occasion  after  the  light  failed,  personnel  were  un¬ 
aware  that  the  weapon  was  "hot"  because  the  light  had  no  redendant  or 
self-test  features.  In  reference  33,  Design  Note  3M5  concerning  visual 
warning  indicators  recommends,  in  part,  "Provide  two  bulbs  or  filaments 
so  that  one  of  them  remains  lighted  when  the  other  fails."  This  system 
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should  be  changed  so  that  the  status  of  the  weapon  is  always  indicated 
correctly.  Other  suitable  solutions  include  an  additional  warning  light 
in  the  pilot  panel  warning  light  group  or  a  press-to-test  feature  added 
to  the  present  warning  lamp.  (R  47) 

On  one  grenade  launcher  mission  an  error  occurred  in  loading  the 
ammunition  cans,  feed  belt,  and  launcher.  Rounds  were  loaded  with  the 
male  link  end  leading  into  the  laucnher  first.  This  caused  the  link  to 
be  broken  which  jammed  the  launcher  mechanism  and  required  disassembly 
of  the  launcher.  It  was  clear  that  damage  to  the  launcher  could  have 
occurred,  and  it  appeared  that  this  error  could  have  caused  explosion  of 
unchambered  rounds  producing  serious  injury  to  personnel  and  damage  to 
the  aircraft.  An  AFTO  Form  22  was  submitted  requesting  changes  to  the 
Technical  Order  loading  procedure  and  illustrating  diagram  (reference  34) . 
Part  of  the  change  requested  called  for  clarification  of  figure  3.2,  page 
3.2.  This  drawing  was  identical  to  the  loading  diagram  decal  on  the  40mm 
ammunition  can.  Consequently,  the  decal  should  be  changed  to  correspond 
with  the  anticipated  change  in  the  T.O.  drawing.  The  AFTO  Form  22  recom¬ 
mended  "Figure  3.2  should  be  redrawn  so  that  rounds  pictured  in  inset  A 
align  with  rounds  at  arrow  A.  The  link  direction  should  be  clearly  de¬ 
picted.  Arrows  labeled  'A'  and  ' B 1  should  be  inserted  in  insets  A  and  B 
to  correspond  exactly  with  arrows  A  and  B  in  the  larger  diagram."  This 
is  the  minimum  change  that  should  be  made.  A  more  adequate  change  would 
be  to  completely  revise  the  ammunition  can  decal  to  improve  it  generally 
and  to  clearly  depict  all  important  features  of  the  loading  procedure. 

The  new  drawing  should  show  the  position  of  the  links  as  loading  of  the 
can  begins,  the  link  direction  as  rounds  exit  the  can  cover  and  link 
direction  in  the  feed  belt.  The  decal  should  include  a  warning  stating 
that  the  female  link  end  must  feed  first  into  the  launcher  or  jamming, 
gun  damage,  and  personnel  injury  may  result.  (R48) 

Maintenance  Problems  and  Miscellar  ous 

Maintenance  personnel  observed  mislabeled  hydraulic  lines  on  UH-1N 
610.  The  lines  in  the  tail  section  running  to  the  tail  rotor  pitch  con¬ 
trol  were  labeled  SYS  2.  These  should  be  labeled  SYS  1.  Existing  air¬ 
craft  should  be  checked  for  proper  labeling;  the  labels  should  be  cor¬ 
rected  if  necessary,  and  the  contractor  should  insure  that  new  aircraft 
are  labeled  correctly.  (R49) 

Labels  and  markings  on  the  exterior  of  the  aircraft  (both  610  and 
774)  were  seriously  deteriorated  on  the  bottom  of  the  fuselage.  There 
were  over  50  separate  labels  or  markings  in  the  area  starting  at  the 
lower  edge  of  the  cockpit  and  cargo  doors.  The  combined  action  of  oils, 
hydraulic  fluid,  and  the  airstream  detached  and  disintegrated  some  or 
most  of  each  label.  The  markings  were  satisfactory  on  other  portions  of 
the  aircraft  and  remained  legible  and  attached,  however,  on  the  lower 
fuselage  it  appeared  that  the  adhesive  employed  had  softened,  allowing 
the  labels  to  detach  and  break  up.  The  adhesive  should  be  improved  to 
withstand  the  oil  conditions  or  the  labels  should  be  overcoated  with  a 
resistant  material.  (R  50) 

In  performing  maintenance  on  the  rotor  assembly,  small  parts  were 
dropped  by  maintenance  personnel.  These  often  fell  into  the  transmission 
opening.  Much  time  was  expended  retrieving  screws,  washers,  safety  wire, 
etc.,  from  the  transmission  well.  To  save  time  and  reduce  flight  hazards 
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due  to  jamming  of  such  items  in  the  numerous  control  system  components 
a  canvas  cover  should  be  used  to  shroud  the  opening  during  rotor  mainte¬ 
nance.  (R  51) 


Kit  7A050  was  used  in  balancing  the  rotor  hub.  It  was  assembled 
and  leveled  before  use.  There  were  no  adjustments  in  the  legs  of  the 
tripod  stand  on  which  it  was  mounted  to  assist  in  leveling  (one  of  the 
legs  was  formed  by  the  box  in  which  the  kit  was  stored) .  To  make  the 
leveling  process  faster  and  more  convenient  threaded  adjustments  should 
be  added  to  the  legs  of  this  kit.  (R  52) 

Alignment  of  the  rotor  and  hub  assembly  with  the  rotor  shaft  during 
reassembly  was  awkward,  and  in  one  case  observed,  required  almost  one 
manhour  to  accomplish.  It  appeared  that  a  fixture  to  serve  as  a  pilot 
shaft  in  guiding  the  rotor  hub  into  alignment  with  the  rotor  shaft  would 
have  been  an  effective  time  saver.  The  need  for  a  pilot  shaft  fixture 
should  be  determined  by  further  observation  and  evaluation  of  the  rotor 
change  procedure .  (R  53) 

Aircraft  Noise  Levels  : 

Tables  XXXII  and  XXXIII  show  the  results  of  internal  and  external 
noise  surveys  using  a  General  Radio  Model  1558A  Octave  Band  Analyzer. 

All  values  here  and  in  other  sections  are  decibels  referenced  to  0.0002 
dynes  per  square  centimeter.  Differences  in  the  overall  and  low  fre¬ 
quency  noise  levels  between  test  dates  were  probably  due  to  changes  in 
very  low  frequency  (less  than  20  Hz)  rotor  noises.  The  very  high  OVERALL 
and  LOW  PASS  TO  75  Hz  values  observed  in  the  22  July  1971  tests  did  not 
reflect  noise  in  audible  frequencies  of  concern. 

Figure  38  illustrates  overall  noise  levels  in  the  area  surrounding 
the  aircraft  during  low  level  hover  operations .  The  measurements  were 
made  with  a  General  Radio  Model  1551C  overall  noise  level  meter  using 
the  A-weighted  scale.  The  results  reflect  the  sound  environment  to  which 
ground  personnel  are  exposed  during  approach,  departure,  and  hover  condi¬ 
tions  such  as  hoist  operations. 

Figures  39  and  40  were  prepared  from  the  data  in  table  XXXII  to 
illustrate  the  internal  noise  levels  compared  with  those  in  reference  27. 
Although  internal  noise  levels  exceeded  those  specified,  the  condition 
was  not  significant  with  respect  to  aircraft  mission  requirements  and 
was  not  considered  serious  enough  to  warrant  attempts  to  reduce  noise 
levels  in  the  aircraft.  Noise  levels  in  the  75  to  9,600  Hz  frequency 
bands  indicated  that  for  all  operations  ground  and  flight  crews  should 
use  hearing  protectors  in  the  form  of  sound  suppressing  flight  helmets, 
earplugs,  or  ear  muffs.  The  noise  environment  of  the  UH-1N  was  generally 
comparable  to  that  of  other  aircraft  and  standard  hearing  conservation 
practices  currently  in  use  provided  adequate  personnel  protection.  (R  54) 

Internal  noise  levels  during  grenade  launcher  operations  created 
serious  hearing  loss  hazards.  Noise  levels  throughout  the  aircraft  ex¬ 
ceeded  150  decibels  during  grenade  launcher  operation.  Appropriate 
impulsive  sound  level  test  equipment  could  not  be  obtained  to  make 
accurate  measurements  of  these  noise  levels.  From  the  data  available, 
however,  serious  doubt  existed  as  to  whether  any  form  of  available  hear¬ 
ing  protection  could  prevent  hearing  losses  in  crewmembers  exposed  to 
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grenade  launcher  noises.  For  grenade  launcher  operations  exposure 
should  be  limited  to  mission  essential  personnel,  and  those  who  are 
exposed  should  employ  the  best  available  hearing  protection.  Modifica¬ 
tions  to  the  grenade  launcher  should  be  made,  if  possible,  to  reduce  the 
noise  levels  at  the  source.  (R  55,  R  56) 

Practical  suggestions  for  improved  hearing  protection  include  the 
use  of  special  sound  supression  helmets  (such  as  the  Gentex  SPH4 )  ;  the 
use  of  extra  padding  behind  earphone  cups  in  the  standard  helmet  (per¬ 
sonnel  equipment  shops  can  install  this) ;  and  the  use  of  type  V51R  ear¬ 
plugs  with  the  standard  helmet. 

Loudhailer 

The  loudhailer  was  installed  and  tested  using  a  1,000-Hz  tone  at 
various  power  settings  to  determine  noise  levels  inside  the  aircraft  and 
to  establish  the  radiation  pattern  of  the  speaker  around  the  aircraft. 

Sound  level  measurements  were  obtained  with  a  General  Radio  Model  1551C 
overall/sound  level  meter  using  the  unweighted  scale  (flat  response  to 
20,000  Hz).  Table  XXXIV  indicates  noise  levels  in  the  aircraft  during 
1,000-Hz  tone  operation  in  level  cruising  flight.  Power  was  established 
at  a  0  reading  on  the  output  level  VU  meter  of  the  loudhailer. 

With  the  aircraft  on  the  ground,  measurements  were  made  at  100  per¬ 
cent  rotor  rpm,  directly  in  front  of  the  speaker  itself,  but  the  range  of 
the  test  equipment  did  not  permit  operation  at  full  power.  At  a  VU  meter 
level  of  -9  the  1,000-Hz  tone  signal  level  was  134  decibels;  to  obtain 
145  decibels  signal  level,  the  practical  limit  of  the  test  equipment, 
a  power  setting  of  -3  on  the  VU  meter  was  required.  The  background  noise 
level  due  to  helicopter  operation  was  115  decibels. 

Figure  41  illustrates  the  relative  power  radiation  pattern.  The 
measurements  were  made  at  ground  idle  with  a  background  noise  level  near 
the  speaker  of  115  decibels.  The  power  setting  employed  was  that  required 
to  produce  135  decibel  signal  and  noise  at  the  speaker.  The  sound  radia¬ 
tion  pattern  close  to  the  aircraft  was  most  intense  in  the  forward  diagonal 
quadrant;  however,  at  100  feet  no  differences  were  observed.  Inflight 
measurements  of  this  type  were  not  performed. 

These  results  indicate  that  the  loudspeaker  system  required  adde 3 
care  and  attention  to  hearing  protection  to  prevent  hearing  losses  . 

Because  of  the  high  internal  sound  levels  ,  the  speaker  should  not  be 
operated  in  the  retracted  position.  Exposure  to  these  sound  levels  should 
be  limited  to  mission  essential  personnel  and  those  who  are  exposed  should 
employ  the  best  available  hearing  protection.  (R  55,  R  57) 

Special  emphasis  should  be  placed  on  hearing  conservation  practices 
during  ground  maintenance  and  checkout  operations  of  the  loudhailer.  (R  58) 


CONCLUSIONS 

AND  RECOMMENDATIONS 


The  UH-lN  airframe,  fuselage  compartment,  flight  controls,  and 
electrical  system  were  generally  acceptable.  The  cargo  suspension  unit 
and  rescue  hoist  performed  satisfactorily.  The  loudspeaker  system  kit 
proved  to  be  largely  ineffective.  Early  VHF-AM  and  UHF  communications 
deficiencies  were  effectively  corrected  by  a  TCTO.  The  AN/ARC-102  re¬ 
ceiver-transmitter  became  inoperative  and  testing  could  not  be  completed. 
Most  other  avionics  equipment  proved  satisfactory,  although  specifications 
often  were  not  satisfied.  A  reliability  study  determined  that  several 
systems  on  the  aircraft  required  reliability  improvement.  The  airframe 
exhibited  high  noise  in  flight  and  certain  design  features  caused  diffi¬ 
culty  or  hazard  to  personnel. 

1.  Those  recommendations  covered  in  UMR’s  and  r  .de  previously  in  the  AFPE 
report  (reference  10)  which  are  still  "open"  should  be  implemented 
(pages  l  and  2) . 

AIRFRAME 

The  airframe  was  considered  satisfactory  for  operational  use.  Ground 
handling  wheels  interfered  with  LAU-59  rocket  launch  system,  and  ground 
handling  with  the  wheels  was  slow  and  tedious,  requiring  manual  assist¬ 
ance.  Reversal  of  wheels  eliminated  interference  with  the  LAU-59  system. 

2.  T.O.  lH-l(U)N-2-l  (reference  13)  should  be  supplemented  to  allow  re- 

versed-position  installation  of  the  ground  handling  wheels  to  pro¬ 
vide  rocket  launcher  clearance  (page  3  ). 

3.  The  ground  handling  system  should  be  improved  to  facilitate  more 
rapid  aircraft  movement  (page  3  )• 

Seat  armor  caused  considerable  difficulty  in  crew  egress  and  air¬ 
craft  operation. 

4.  Seat  armor  should  be  modified  to  reduce  interference  with  aircrew 

activities  (page  4  )  . 

The  proximity  of  hydraulic  components  in  the  transmission  compart¬ 
ment  would  preclude  system  redundancy  in  event  of  battle  damage.  Tail 
rotor  pitch  controls  were  a  source  of  maintenance  problems  and  UMR's  were 
written . 

5.  Armor  plate  protection  of  hydraulic  boost  components  in  the  trans¬ 
mission  compartment  should  be  incorporated  (page  5  ). 
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Operation  of  the  aircraft  electrical  system  was  found  satisfactory 
under  all  flight  loads.  Switching  and  overload  protection  provisions 
were  adequate.  A  generator  balance  circuit  wiring  error  caused  balancing 
adjustment  difficulty,  but  did  not  preclude  proper  operation.  The  gen¬ 
erator  warning  light  system  was  found  ambiguous  under  certain  conditions. 

6.  T.O.  procedures  for  generator  balancing  should  be  changed  to 
specify  that  balancing  controls  be  turned  toward  minimum  resistance 
instead  of  specifying  direction  of  adjustment  rotation  (page  6  ). 

7.  The  generator  warning  system  should  be  changed  to  cause  warning 
illumination  any  time  a  particular  generator  is  not  provi^  ig  power 
(page  6  ) • 

The  BL-8300  rescue  hoist  functioned  satisfactorily.  It  was  found 
that  the  forest  penetrator  could  release  itself  from  the  hook.  Cable 
guillotine  current  was  supplied  by  the  non-essential  dc  bus.  Temporary 
loss  of  power  on  this  bus  might  cause  delay  in  cable  jettison.  Lights 
associated  with  the  system  could  not  be  dimmed. 

8.  A  positive  means  of  locking  the  hook  closure  should  be  incorporated 
in  the  hoist  (page  7  ). 

9.  The  cable-cutting  guillotine  wiring  should  be  changed  so  that  the 
squib  is  fired  by  the  dc  essential  bus  (page  7  )• 

10.  Hoist  indicator  lights  should  have  provisions  for  dimming  (page  8  )• 

11.  Flight  Manual  information  for  the  hoist  duty  cycle  should  be  ex¬ 
panded  (page  g  ) . 

The  SA-1800C  loudspeaker  system  was  of  very  limited  usefulness  due 
to  the  high  level  of  UI1-1N  flight  noise.  Lack  of  quality  control  was 
a  serious  problem  with  this  unit.  Feedback  was  a  limiting  factor  in  use 
of  the  handheld  microphone.  Area  coverage  with  tne  system  was  small. 
Speech  could  be  understood  up  to  a  radius  of  0.5  miles  and  500  feet  alti¬ 
tude  off  the  left  side  of  tne  aircraft.  High  pitched,  slow  speech  was 
most  easily  understood.  Surface  wind  severely  hindered  listener  hearing 
ab  i  1  i  ty  . 

12.  SA-1800  C  systems  already  manufactured  should  undergo  inspection  and 
bench  test  before  use  (page  9  ). 

13.  Future  manufacture  of  the  SA-1800C  should  include  quality  control 
and  functional  checks  (page  9  ). 

14.  An  enclosed  an t i - f ee db ack  microphone  should  be  provided  (page  10). 
Operation  of  the  cargo  hook  system  was  satisfactory. 

COMMUNICATION  EQUIPMENT 

Frequency  changes  with  all  R-T  units  required  pilot  time  and  effort 
which  could  jeopardize  flight  safety  during  periods  of  high  workload 
such  as  IFR  approach. 
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15.  UHF  and  VHF  radios  should  have  preselect  channel  capability  includ¬ 
ing  radio  guard-transmit  capability  (page  n  )  . 


Rre-ECP  ground  tests  showed  that  the  ARC-115  did  not  meet  power 
output  specifications.  The  pre-ECP  ARC-116  power  tests  met  specifica¬ 
tions  but  there  was  excessive  power  loss  (VSWR)  in  the  UHF  antenna 
wiring.  Both  systems  demonstrated  inadequate  range,  deficient  antenna 
patterns  and  poor  communications  reliability.  Tests  following  the  ECP 
antenna  changes  demonstrated  considerable  improvement  in  these  areas. 
Although  maximum  range  could  not  be  demonstrated  due  to  terrain  limita¬ 
tions,  post-ECP  performance  of  both  sets  was  satisfactory. 

The  ARC-114  system  met  power,  VSWR, range  and  antenna  pattern  speci¬ 
fications.  The  Flight  Manual  did  not  adequately  define  VHF-FM  homing 
procedures.  The  ID-347/ARN  display  of  homing  signal  strength  was  found 
inadequate . 

16.  The  Flight  Manual  should  be  revised  to  clearly  define  the  operation 
of  the  VHF-FM  homing  function  (page  17  ). 

17.  The  sensitivity  of  the  signal  strength  indicator  should  be  increased 
and  the  presentation  should  be  changed  to  provide  a  centered-needle 
indication  when  over  target  transmitter  (page  18  ) . 

Tests  on  the  AN/ARC-102  were  very  limited  due  to  failure  of  the 
antenna  coupler  CU  1658/A.  HF  radio  (AN/ARC-102  antenna  kit  (HF  long- 
wire)  was  designed  to  be  used  on  the  "D"  model  instead  of  the  "N"  model, 
and  it  did  not  allow  the  left  cargo  door  to  open  fully  without  coming  in 
physical  contact  with  the  antenna. 

18.  The  AN/ARC-102  should  be  designed  so  as  to  avoid  contact  with  the 
aircraft  cargo  door  (page  18  ) . 

19.  Further  testing  of  the  AN/ARC-102  should  be  performed  (page  18  )• 

During  gunfiring  it  was  impossible  to  use  the  C-6533  intercom  be¬ 
tween  the  pilot  and  gunner  due  to  the  high  gun  noise  level.  Operation 
was  otherwise  adequate. 

20.  Further  testing  should  be  accomplished  in  an  attempt  to  find  a 
better  helmet  and  microphone  for  the  gunner  (pagel9  ). 

NAV'GATION  EQUIPMENT 

The  accuracy  of  the  gyromagnetic  compass  system  installed  on  air¬ 
craft  774  was  acceptable.  The  accuracy  of  the  compass  system  on  air¬ 
craft  610  was  unacceptable,  however  the  compass  had  not  been  recompen¬ 
sated  after  installation  of  several  other  avionics  systems.  The  deviations 
observed  were  within  the  normal  range  of  the  compensating  adjustments. 

The  drift  rate  when  operating  in  the  directional  gyro  mode  was  satis¬ 
factory. 

In  its  present  location  the  AQU-5A  magnetic  compass  required  re¬ 
compensation  when  the  XM60  sight  was  installed  or  removed.  It  was  not 
located  within  the  view  of  both  pilots. 
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21.  Thu  technical  manual  (reference  13)  should  contain  an  instruction 
to  compensate  the  AQU-5A  Magnetic  Compass  whenever  the  XM60  sight 
is  installed  or  removed  (page  _1  ) . 

22.  The  AQU-5A  Magnetic  Compass  should  be  relocated  to  a  better  loca¬ 
tion  (page  21 ) . 

The  bearing  accuracy  of  the  UHF-DF  system  installed  in  the  test 
aircraft  did  not  meet  specified  accuracy  requirement  of  +7  degrees  RMS 
value.  The  homing  capability  was  satisfacto.  even  though  the  aircraft 
did  not  follow  a  straight  line  path  in  reaching  the  ground  station. 

23.  Additional  testing  should  be  conducted  to  determine  the  reason  for 
the  bearing  accuracy  deviations.  The  system  should  then  be  modi¬ 
fied  to  eliminate  this  problem  (page  22  )  . 

The  tests  performed  with  rhe  tacan  system  demonstrated  that  the 
radial  and  distance  accuracy  specifications  were  not  met;  however,  the 
small  deviations  did  not  significantly  affect  the  operational  capabilities 
of  the  tacan  system.  No  significant  antenna-related  system  inaccuracy 
was  observed.  During  maximum  range  test,  the  operational  range  exceeded 
80  percent  of  maximum  radio  path  distance  on  all  test  points.  The  tacan 
system  was  satisfactory  for  the  UH-1N  mission. 

The  AN/ARN-89  ADF  system  did  not  meet  tie  specified  accuracy  require¬ 
ments  of  +5  degrees  of  the  actual  bearing  to  the  transmitter .  However, 
the  ADF  homing  was  satisfactory.  The  accuracy  of  the  navigation  fixes 
was  acceptable  for  airways  navigation.  Available  compensation  settings 
were  not  adequate;  however,  errors  observed  indicated  that  the  system 
could  be  compensated  if  accurate  compensation  data  were  available. 

2A,  Additional  testing  should  be  conducted  to  determine  proper  compen¬ 
sation  settings  for  the  ADF  system  (nage25  )• 

The  VOR  bearing  information  presented  on  the  BDHI  was  not  acceptable 
due  to  oscillation  of  the  pointer.  The  ILS  function  of  the  VOR  receiver 
performed  satisfactorily.  The  VOR  ante  na  pattern  and  reception  range 
were  adequate.  The  VOR  receiver  was  marginally  acceptable  for  the  UH-1N 
mission . 

25.  The  oscillation  in  the  BDHI  display  of  the  VOR  receiver  should  be 
investigated  to  determine  its  source  and  the  effect  on  receiver 
accuracy;  the  V  R  installation  should  be  modified  to  reduce  the 
oscillation  to  an  acceptable  . avel  (page  28). 

The  radar  altimeter  system  was  operationally  satisfactory  and  met 
specified  accuracy  requirements.  It  is  possible  that  the  system  may 
lock  onto  large  external  cargo  loads. 

26.  A  NOTE  should  be  placed  in  the  Flight  Mani al  stating  the  possibility 
that  the  radar  altimeter  may  loc-V.  up  on  a  sling  load  rather  than 

the  terrain  (page  29 ) . 

Th  R- 10 41 (  ) ARN  Marker  Beacon  Receiver  was  operationally  satisfac¬ 
tory  for  ILS  procedures.  The  deviations  observed  ~ n  antenna  pattern 
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symmetry  ratios  were  not  significant.  At  high  altitudes,  the  receiver 
may  not  respond  to  beacon  signals  when  sensitivity  is  set  on  LOW. 


27.  The  Flight  Manual  should  state  that  the  HIGH-OFF-LOW  switch  should 
always  be  placed  in  the  HIGH  position  unless  operating  below  1,000 
feet  AGL  (page  30  )  . 


APX-72  range  and  mode  functions  operated  satisfactorily.  The  AAU-21 
Altimeter  Encoder  was  poorly  located.  Wiring  provisions  for  its  instal¬ 
lation  were  on  the  copilot  instrument  panel.  The  aircraft  wiring  pro¬ 
vided  only  28  vdc  power  for  the  Mark  XII  computer. 


28.  Wiring  should  be  re-routed  to  permit  location  of  the  AAU-21  Altimeter 
Encoder  on  the  pilot  instrument  panel  (page  31  )  . 

29.  The  aircraft  should  be  modified  to  provide  115-volt,  400-Hz  ac 
power  to  the  Mark  XII  computer  (page  31 )  . 

The  wiring  harness  to  connector  P916  was  too  short  and  accessibility 
to  the  RT-859/APX-72  Receiver-Transmitter  and  Mark  XII  computer  was  poor. 


30.  The  RT-859 /APX-72  and  Mark  XII  computer  should  be  relocated  to  a 
more  accessible  location  in  the  forward  electron.cs  compartment 
(page  31 ) • 


Due  to  fuselage  masking,  the  single  antenna  installed  on  the  lower 
surface  of  the  aircraft  fuselage  did  not  allow  adequate  forward  coverage. 


31.  A  top-front  mounted  antenna  and  an  antenna  switching  unit  should 

be  Installed  ti  correct  the  forward  antenna  pattern  null  (page  32). 


IFF  code  hold/zero  function,  mode  C  altitude  correction,  maximum 
range,  and  mode  4  IFF  code  were  satisfactory. 


RELIABILITY  AND  M''NTAlNABiLlTY 

No  significant  growth  in  mission  reliability  or  maintainability  was 
shown  throughout  the  Category  II  program.  Mission  reliability  problems 
were  experienced  in  the  following  systems:  turboshaft  powerplant,  trans¬ 
mission,  electrical  power,  instruments,  VHF-AM  communications,  t„:an,  and 
UHF-direction  finder. 

32.  Efforts  should  be  continued  to  improve  the  reliability  of  the  sys¬ 
tems  cited  above  (page  35  ;. 

The  following  systems  did  not  ; resent  mission  reliability  problems: 
airframe,  fuselage  compartment,  landing  gear,  flight  controls,  air  con¬ 
ditioning,  lighting,  hydraulic  power  supply,  fuel  system,  miscellaneous 
utilities,  interphone,  IFF,  VHF-FM  communications,  radar  navigation,  and 
weapon  delivery  system.  Using  command  experience  will  be  required  to 
further  define  the  reliability  characteristics  of  the  following  systems: 
high  frequency  communications,  miscellaneous  communications,  emergency 
equipment,  miscellaneous  equipment,  and  explosive  devices. 
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PERSONNEL  SUBSYSTEM  TEST  AND  EVALUATION 


Removal  of  the  cowlings  and  baffles  for  engine  change  was  difficult 
and  time  consuming. 

33.  Future  versions  of  the  UH-1N  should  incorporate  cowlings  which  can 
be  removed  quickly  and  easily  (page  39  ). 

Access  to  one  particular  engine  firewall  baffle  fastener  described 
in  the  text  was  extremely  limited. 

34.  Access  should  be  improved  by  reversing  the  fastener  so  that  the  nut 
plate  is  on  the  opposite  half  of  the  baffle  and  the  screw  points 
downward  (page  39 )  . 

A  lowered  door  on  the  engine  cowling  appeared  weak,  flexed  under 
pressure,  and  had  worn  hinges. 

35.  The  doors  should  be  redesigned  to  strengthen  the  door  structure  and 
hinge  assembly  (page  39  ) . 

Ca  io  and  baggage  could  be  stowed  in  several  compartments  behind 
the  aft  uselage  doors. 

36.  Placards  regulating  the  use  of  these  compartments  for  baggage  or 
other  cargo  should  be  applied  (page  40  ) • 

Fasteners  on  the  aft  fuselage  doors  could  jam  the  main  cargo  doer. 

37.  The  fasteners  should  be  changed  to  another  type  found  in  several 
locations  on  the  aircraft  such  as  P/N  90-005-5  or  -1  (page  40  ). 

Three  visual  access  doors  were  unusable  because  of  interference  with 
structures  behind  them. 

38.  Errors  of  this  nature  should  be  avoided  on  future  helicopter  designs 
(page  40 ) . 

Placards  were  applied  to  several  stress  panels  to  indicate  that  the 
panel  was  required  for  ground  or  flight  operation.  When  the  panel  was 
removed  the  message  was  removed  with  it. 

39.  The  entire  aircraft  should  be  surveyed  for  stress  panels  with  this 
marking  discrepancy.  Appropriate  cautionary  labels  should  be  ap¬ 
plied  to  nearby  structures  which  remain  visible  and  in  place  when 
the  stress  panel  has  been  removed  (page  39  )• 

A  slotted  head  DZUS  nut  was  installed  on  the  ground  power  receptacle 

door. 

40.  As  a  convenience  to  ground  operators,  -s  nut  should  be  changed 

lo  a  DZUS  type  wing  nut  so  that  a  screw  .river  is  not  required.  The 
wing  nut  head  should  be  aligned  with  the  airstream  in  the  latched 
position  (page  39). 
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The  forward  ground  receptacle  was  underneath  the  avionics  compar4 - 
ment  door. 

41.  The  ground  receptacle  should  be  moved  to  a  nearby  external  location 
or  another  receptacle  should  be  added  in  such  a  location  (page  40). 

Air  ducts  inside  the  fuselage  post  ladder  doors  were  footworn. 

42.  To  prevent  this,  the  air  ducts  should  be  guarded  by  a  sheet  metal 
baffle  (page  40  ) . 

Due  to  its  location  and  lack  of  protection  the  cockpit  ceiling  window 
was  exposed  to  damage  when  the  upper  work  surfaces  were  in  use  and  when 
the  post  ladder  was  used. 

43.  To  reduce  the  likelihood  of  ceiling  window  breakage,  rigid  covers 
should  be  provided  and  installed  when  long  period  of  maintenance 
are  performed  on  the  upper  work  surface  (page  40). 

44.  To  prevent  damage  while  using  the  ladder,  the  first  step  should  be 
moved  forward  to  a  position  beneath  or  to  the  right  of  the  other 
foot  step  lo.ations  (page  41). 

The  cockpit  door  auxiliary  latch  handles  were  small  and  required  27 
to  38  pounds  of  force  to  actuate  the  latch. 

45.  The  auxiliary  door  latch  levers  should  be  altered  or  redesigned  to 
reduce  the  fvrces  required  for  their  operation  (page  41). 

Movement  in  the  cargo  compartment  was  difficult  because  there  was 
nothing  to  hang  on  to. 

46.  Several  functionally  located  hand  grips  should  be  installed  in  the 
cargo  area  (page  41  ) • 

The  ready-to-fire  warning  light  in  the  7.62mm  mini  gun  failed  leaving 
its  status  uncertain. 

47.  The  system  should  be  changed  so  that  the  status  of  the  weapon  is 
always  indicated  correctly.  (Reference  33  requires  redundant  bulbs 
or  filaments)  (page  42). 

The  grenade  launcher  loading  diagram  contained  in  reference  34  was 
reproduced  on  the  ^Omm  ammunition  cans.  Its  lack  of  clarity  contributed 
to  a  load'ng  erre-;  .  An  AFTO  Form  22  was  submitted  requesting  changes  to 
the  diagr.  n  in  reference  34. 

48.  The  ammunition  can  decal  should  be  changed  to  correspond  with  changes 
indicated  in  the  text  of  this  report  (page  42). 

Tail  section  hydraulic  lines  were  mislabeled  on  aircraft  610. 

49.  Existing  aircraft  should  be  checked  for  proper  labeling.  The  labels 
should  be  corrected  if  necessary,  and  t.  e  contractor  should  insure 
that  new  aircra4-1  are  labeled  correctly  (page  42). 
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Labels  on  the  oily  bottom  surface  of  the  aircraft  were  seriously 
deteriorated. 

50.  The  adhesive  should  be  improved  to  withstand  the  oily  conditions 
or  the  labels  should  be  overcoated  with  a  resistant  material  (page 

42). 

Small  parts  dropped  during  rotor  maintenance  caused  delays  while 
they  were  retrieved. 

51.  A  canvas  cover  should  be  used  to  shroud  the  opening  during  rotor 
maintenance  (page  43  )  . 

The  rotor  hub  balancing  kit  required  leveling  before  use  but  had  no 
adjustments . 

52.  To  make  the  leveling  process  faster  and  more  convenient,  threaded 
adjustments  should  be  added  to  the  legs  of  this  kit  (page  43). 

It  appeared  that  a  pilot  shaft  to  align  the  rotor  hub  with  the 
rotor  shaft  would  be  a  time  saver. 

53.  The  need  for  a  pilot  shaft  fixture  should  be  determined  by  further 
evaluation  of  the  rotor  cl  ange  procedure  (page  43  ). 

Noise  levels  in  the  airciatt  were  high,  particularly  during  operation 
of  the  XM-94  Grenade  Launcher  and  the  loudspeaker  systems.  Such  noise 
levels  may  cause  hearing  damage  to  personnel. 

54.  For  all  operations,  ground  and  flight  crews  should  use  hearing 
protectors  in  the  form  of  sound  suppressing  flight  helmets,  ear¬ 
plugs,  or  earmuffs  (page  43). 

55.  For  grenade  launcher  and  loudhailer  operations,  exposure  should  be 
limited  to  mission  essential  personnel  and  those  exposed  should  em¬ 
ploy  the  best  available  ear  protection  (page  44). 

56.  Modifies  ions  to  the  grenade  launcher  should  be  made,  if  possible, 
to  reduce  noise  levels  at  the  source  (page  44). 

57.  Because  of  the  high  internal  sound  levels,  the  loudspeaker  system 
should  not  be  operated  in  the  retracted  position  (page  44  ) . 


58.  Special  emphasis  should  be  placed  on  hearing  conservation  practices 
during  ground  maintenance  and  checkout  operatic'."  of  the  loudhailer 
(page  44)  . 
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APPENDIX  I 
UMR  SUMMARY 

UMR  No. _ Date _ Deficiency _ I  status 


71-257 

30  Apr  70 

Flight  controls:  failed  bearing  in 
tail  rotor  control  linkage. 

Open 

70-46 

5  Dec  70 

Binding  rudder  pedal  system. 

Closed 

70-904 

8  Jec  70 

Airframe:  engine  inlet  duct  broken. 

Closed 

70-906 

8  Dec  70 

Airframe:  broken  latch  on  fairing 
assembly . 

Open 

71-254 

22  Feb  71 

Tail  rotor  drive  shaft  hanger  bearings 
lost  lubricant. 

Closed 

71-79 

22  Feb  71 

Flight  controls:  failed  bearing  in  tail 
rotor  control  linkage. 

Open 

71-258 

29  Apr  71 

Tail  rotor  servo  pitch  bracket:  bushings 
worn . 

Open 

71-326 

10  May  71 

AN/APX-72  wiring  harness  too  short. 

Closed 

71-336 

1  Jun  71 

Tail  rotor  pitch  control  tube  abrasion. 

Open 

71-252 

30  Jun  71 

Flight  controls:  failed  bearing  in  tail 
rotor  control  linkage. 

Open 

71-  599 

6  Aug  71 

SA-1800C  loudspeaker  system:  wiring 
errors . 

Open 

APPENDIX  II 


The  SEDS  was  used  for  the  collection,  storage,  retrieval,  and 
analysis  of  the  data  for  this  evaluation. 

AFSC  FORM  258/258-4  MAINTENANCE  DATA 

Data  Collec  Lon  Form; 

The  first  source  used  for  data  input  to  SEDS  was  the  Maintenance 
Discrer-ncy /Production  Credit  Record,  AFSC  Form  258/258-4  (figure  27) . 

This  iOrm  is  essentially  hardware-oriented. 

Data  Collection  Procedures : 

The  AFSC  Form  258/258-4  was  filled  out  according  to  AFSC  Maintenance 
Technical  Directive  69-1  (reference  35) .  It  was  completed  by  the  mainte¬ 
nance  technicians  to  document  every  maintenance  action  on  the  aircraft. 

The  AFSC  Form  258  was  used  to  document  such  actions  as  fix-in-place  re¬ 
pairs  and  support-general  maintenance.  The  AFSC  Form  258-4  was  used  to 
document  removal  of  repairable  parts  which  underwent  further  processing. 
The  completion  and  initial  editing  of  the  258  Forms  was  the  responsibility 
of  the  UH-1N  maintenance  organization.  After  the  forms  were  completed 
they  were  keypunched,  edited,  and  used  to  update  the  SEDS  maintenance  his¬ 
tory  file  regularly. 

AFFTC  Form  0-294  Mission  Debriefing  Data: 

Data  Collection  Form. 

The  second  source  used  for  data  input  to  SEDS  was  the  Aircraft  De¬ 
briefing  Record,  AFFTC  Form  0-294  (figure  28).  This  form  is  oriented 
toward  subsystem  mission  performance. 

Data  Collection  Procedures . 

The  AFFTC  Form  0-294  was  used  to  record  the  flight  crew's  analysis 
of  a  mission  and  to  report  system  malfunctions  which  occurred  during  a 
mission.  Information  on  the  form  included  aircraft  serial  number,  mis¬ 
sion  number,  date  of  mission,  duration  of  flight,  mission  effectiveness, 
and  codes  which  reflected  the  reliability  of  subsystems  used  during  a 
mission.  Codes  used  to  record  subsystem  reliability  were: 
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I  i 


I 


Code 

No  Entry 
1 
2 

3 


Meaning 

Subsystem  not  used. 


Subsystem  operated  satisfactorily. 

Subsystem  had  a  malfunction,  but  could  be  oper¬ 
ated  in  a  degraded  state. 


Subsystem  failed,  was  inoperable  or  unusable, 
but  did  not  cause  a  mission  abort. 


4  Subsystem  failed  and  caused  a  mission  abort. 

5  Subsystem  was  flown  with  a  known  discrepancy. 


If  more  than  one  malfunction  was  noted  on  a  single  subsystem,  the 
reliability  code  of  the  most  serious  malfunction  was  used.  The  form  was 
also  used  to  record  a  brief  narrative  of  the  individual  discrepancies 
and  sufficient  information  to  correlate  the  malfunction  with  the  AFSC 
Forms  258/258-4  which  were  used  to  document  troubleshooting  and  repair. 

Accurate  completion  of  the  form  was  the  responsibility  of  the  flight 
crew  and  the  reliability  engineer.  The  forms  were  reviewed  by  the  re¬ 
liability  engineer  and  then  keypunched  into  card  form  to  update  the  de¬ 
briefing  file  of  the  SEDS  data  base. 

SETS  Data  Base; 

The  SEDS  data  base  was  structured  in  the  following  manner.  Each 
AFSC  Form  258  maintenance  report  constituted  a  line  item  record  in  the 
maintenance  part  of  the  data  base.  Similarly,  each  AFFTC  Form  0-294 
mission  debriefing  report  constituted  a  line  item  record  in  the  opera¬ 
tional  part  of  the  data  base.  Even  though  all  maintenance  actions  were 
documented  on  the  AFSC  Forms  258,  this  did  not  mean  that  all  the  mainte¬ 
nance  to  repair  a  particular  malfunction  was  recorded  on  a  single  form. 

In  some  cases,  more  than  one  form  was  necessary  to  document  all  mainte¬ 
nance  actions  to  clear  a  malfunction.  A  maintenance  event  was  defined 
as  all  related  maintenance  actions  required  to  clear  a  discrepancy. 

The  data  collected  from  the  AFSC  Forms  258/258-4  and  AFFTC  Forms 
0-294  constituted  the  SEDS  data  base  from  which  all  data  products  con¬ 
tained  in  this  report  were  derived.  The  basic  philosophy  of  SEDS  was 
to  portray  as  realistically  as  possible  the  exhibited  reliability  and 
maintainability  of  the  UH-1N.  The  effects  of  maintenance  management, 
supply,  and  research  and  development  functions  were  eliminated  whenever 
possible . 
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APPENDIX  IV 

CALCULATION  OF  SUBSYSTEM 
MISSION  RELIABILITY 


The  following  statistics  were  calculated  for  each  subsystem: 

1.  Mean  time  between  discrepancies  (MTBD) 

2.  Mean  time  between  failures  (MTBF) 

3.  Mean  time  between  aborts  (MT3A) 

These  values  were  computed  as  follows : 


MTBD  = 


Nf  + 


N 


MTBF 


T _ 

+  N 

a 


mtba  = 

N 

a 

where  : 

T  =  total  system  operating  (flying)  time. 

=  number  of  missions  on  which  degraded  operation  was 
recorded  against  the  subsystem. 

Nf  =  number  of  missions  on  which  a  no-abort  failure  was 
recorded  against  the  subsystem. 

Na  =  number  of  missions  on  which  an  abort  was  recorded 
against  the  subsystem. 


In  addition,  the  statistically  derived  90-percent  lower  confidence 
limits  (LCL's)  for  tne  means  were  calculated.  A  90-percent  LCL  for  a 
given  parameter  is  that  value  which  the  true  value  would  equal  or  exceed 
for  a  given  sample  size  with  90-percent  probability.  Thus,  the  proximity 
of  the  90-percent  LCL  to  the  measured  mean  gives  an  indication  of  the 
certainty  that  should  be  attached  to  the  measured  mean.  In  other  words, 
the  closer  the  measured  value  is  to  the  90-percent  LCL,  the  greater  the 
certainty  that  the  measured  value  will  be  the  true  value. 

2 

The  method  used  to  determine  the  LCL  employed  the  chi-square  (x  ) 
distribution,  using  fixed  truncation  time  for  the  tests: 
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Lower  Limit  = 


2T 


X2  (a /  2R  +  2} 


Where : 

T  =  total  system  operating  time 

R  =  number  of  failures  accumulated 

a  =  acceptable  risk  of  error  (10  percent)  or 

1-a  =  confidence  level  (90  percent) 

X2  =  the  critical  value  for  the  chi-square  distribution 
with  risk,  a,  and  the  degrees  of  freedom,  2R  +  2. 

An  iterative  method  was  used  to  solve  the  equation  for  the  LCL . 
Any  large  differences  between  some  of  the  measured  mean  times  and  the 
associated  LCL's  resulted  from  the  low  malfunction  rates  of  some  sub- 
sys  terns . 


The  following  formula  was  used  to  calculate  overall  aircraft  mean 
time  between  subsystem  failures: 


Mean  Time  Between 
Subsystem  Failures 


Total  Flying  Time 
£  Nf  +  £  Na 

all  all 

subsystems  subsystems 
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APPENDIX  V 


HARDWARE  FAILURE  DEFINITION 

A  subsystem  hardware  failure  was  initially  defined  as  any  dis¬ 
crepancy  which  was  corrected  by  maintenance  "action  taken"  codes  F,  G, 

K,  L,  P ,  R,  S ,  or  Z  and  which  did  not  have  one  of  the  following  "how 
malfunctioned"  codes:  086,  072,  1037  106,  108,  142,  204,  230,  246,  301, 
303,  424,  518,  553,  602,  709,  731,  793,  797,  798,  799,  800,  801,  802, 
803,  804,  812,  877,  878,  911,  and  931  (table  XXXI  defines  these  codes). 


In  addition  to  the  above  algorithm,  which  was  used  as  a  preliminary 
screen  for  failures,  a  manual  editing  technique  was  employed  to  cross 
check  data  accuracy  and  to  further  select  failures.  During  the  manual 
editing  phase,  the  following  types  of  maintenance  actions  were  not  con¬ 
sidered  failures : 

1.  Components  which  were  removed  from  the  aircraft,  but  tested  "good" 
at  the  field  maintenance  level. 


2.  Secondary  fai]ures  (those  caused  by  the  failure  of  a  different 
component) . 

3.  Correction  of  maintenance  errors. 


4.  Minor  maintenance  actions  such  as  replacement  of  missing  screws, 
installation  of  safety  wire,  etc. 

For  the  calculation  of  observed  MT3F,  the  following  formula  was 

used: 


MTBF 


Flying  hours 
Observed  failures 


APPENDIX  VI 

DETERMINATION  OF  MAINTENANCE 
MANHOURS  PER  FLYING  HOUR 

WUC's  were  used  in  maintenance  data  recording  to  identify  the  spe¬ 
cific  hardware  item  that  was  being  worked  on  or  to  identify  the  type  of 
maintenance.  These  are  five-digit,  alphanumeric  codes  specified  in  the 
Work  Unit  Code  Manual,  T.O.  lH-l(U)N-06  (reference  36).  The  first  two 
digits  of  a  WUC  (called  a  WUC  group)  identify  an  aircraft  system.  For 
example,  71  identifies  the  radio  navigation  system.  The  third  digit 
usually  identifies  a  subsystem.  For  example  713  identifies  the  VOR  sub¬ 
system.  The  fourth  and  fifth  digit  usually  identify  assemblies  and  com¬ 
ponents.  For  example,  ’131A  identifies  the  VOR  receiver.  Maintenance 
accomplished  and  documented  against  aircraft  systems  is  called  corrective 
maintenance.  WUC's  beginning  with  01  through  09  identify  support-general 
maintenance  actions  such  as  aircraft  cleaning,  servicing,  and  look  phases 
of  inspections . 

The  MMH/FH  expended  ••  :ainst  each  aircraft  system  and  for  each  type 
of  support-general  maintenance  was  calculated.  These  statistics  were 
calculated  by  retrieving  maintenance  data  from  the  SEDS  data  system  by 
the  first  two  digits  of  the  WUC  (WUC  group)  and  dividing  the  sum  of 
maintenance  manhours  for  each  WUC  group  by  the  total  flying  time  for  the 
reporting  period.  Support-general  maintenance  was  denoted  by  WUC  groups 
01  through  09.  Corrective  maintenance  was  denoted  by  WUC  groups  11  through 
97. 
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Figure  3  Seif-Release  of  Forest  Penetrator 


Figure  4  UH-1N  Hover  with  External  Cargo 
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Figure  S  Pre-ECP  VHF-AM  Antenna  Patterns 
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Figure  14  LF  ADF  Bearing  Accuracy 


Figure  IS  LF  AOF  Bearing  Accuracy 


ar  Plot 


DIRECTIONAL  CONTROL  PEDAL 


wwtf™  •  'j 

tw*»  tZtwtA&liHM&e**  »*^** 


-  -f- 


Av  V^-  Vw'V-  ■  i :  ;■■■/•  ll,rjh/^y.y 
'  xy w  'VXMU ■  f -i  •[■  /  :•/••■/■/../  ■  /Xy : 

.xX'V  '  •  V'  \  .'\>-<'  \  •  \  ■  i  i  f  '■  /'  .  /';:  .  /  *  y-is/.-s 

„  /X'  •  V  \  \y\  '  \  \  '  •  -90  09)  /■  /'■  7  '  -A  /  '.V/X  / 

3'.0  !,s  '  v/  V  <  \ «  V  ■  '"'V  >  *  I  j  '  i  ;  *  */  •  i  /  *•  ‘  /,  ,*  /»  , 

x.  ■  \  ✓  \  \  \  ;  i 1  •  i  ;  '/  .  /  /  .  y ,  •■  c  ■/'  \ 

>6/>  v  x\  x  XMAAnWr1 i’; /  '■!  ■ •  ■  J  Ov/v-)( '  •' 

«*,[/ X/'.  \  X  \Wyv  \  ribook  /  /  /.■  /’/  a  /  /\X  V" 

v  -  \/X,'V  \'  .  ‘  ..  ■  iii  ,  »  •  /  /  /  ■<  /  Vf;  .  /  \. 

"X.  /  •  >/..  ;.:-\y\>u!  ••;: /;../ •>  /•„  /-v  /  y:\rn  / 


. 1"-  i-wT 

!&./■■:■:/  ■  •  Ti  I 

i\\V*;>s  *■  /  ,  »  '••  -//  /  <\  i 

! \  XX-  X; •  x  ^  ••  /;.•///"-  -I.4  \i  i 

!,Vv(\V\\'»  v  ’  »  /  /  •-  1  /  <  /  I  i  \'-  Ij  1 

IaXX''  ■  /?-XXXj4xl l/;  / 


^f/HNX-fRTT^S,  fa/Kij'r  /;.,  /  J  ,  i  -I  l'. ,A  '■  A  XA.  '  :'y  •' /\  ' 

,/nCfT  UH-  1M/. 69-5Wp' .-/ h.H[i: nL;r- li ’ i •  I ! ! !  i  ,  I -r;\. :  V\  \‘.  XX'.'X  A  '' 

'yggS,&m,:;V4 

-  s  <  Iftaskafe 

t/  ^U.7  niijjiy.nl i:iij! 

— ~v~  .*/ - --rrj icjrt*  aoo*  2to 


Figure  21  IFF  Antenna  Patterns 
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Figure  28  AFFTC  Form  0-294,  Aircraft  Debriefing  Record  (concluded) 

(back  side) 
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Figure  32  Natural  Response  in  Using  Post  Ladder 
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Table  I 


HOIST  TEST  OPERATIONS 

(All  hoist  operations  performed  using 
250-pound  cable  load.) 


Li ft- Lower 
Cycle  No. 

Lower  Time 
(Minutes) 

Raise  Time 
(Minutes) 

Lift  Heiqht: 

14  feet 

1 

0.2 

0.2 

2 

0.2 

0.2 

3 

0.2 

0.2 

4 

0.2 

0.2 

Lift  Height:  210  feet 

5 

2.5 

2.8 

6 

Not  Recorded 

2.7 

7 

2.8 

2.8 

8 

3.0 

Not  Recorded 

Temperatures  at  end  of  test: 

Gearbox:  190  to  222  degrees  F 

Motor:  under  190  degrees  F 


Total  hoist  energy  developed:  448,000  foot-pounds 
Elapsed  time  for  test:  0.7  hour 


Table  II 

PRE-ECP  POWER  OUTPUT  AND  REFLECTED  POWER  TESTS, 
AN/ARC-115  VHF-AM  AND  AN/ARC-116  UHF-AM 
(Ac ft  S/N  69-6610  ,  1  Feb  1971) 


Frequency 

(mHz) 


Power  Output 

Reflected 

Reflected  at 

at  RT 

at  RT 

At  Antenna 

Antenna 

VSWR  at 

(watts) 

(watts) 

(watts) 

(watts) 

Antenna 

AN/ARC- 115  VHF-AM 

116.025 _ 

120.000 _ 

121.500 _ 


140,000 

-14.3.,-6.?5- 

146.025 

149.975 


1.00 

5.50 

1.00 

1.00 

8.00 

1.50 

1.50 

5.50 

1.00 

1.50 

4.50 

1.50 

2.00 

4.00 

1.50 

1.00 

5.50 

1.50 

1.25 

4.50 

1.25 

1.00 

4.50 

0.75 

0.50 

5.50 

0.75 

0.00 

6.50 

0.25 

AN/ARC- 116  UHF-AM 


225.000 


242.000 


259.000 


276.000 


293.000 


310.000 


327.000 


361.000 


383.000 


399.900 


12.50 

1.50 

11.50 

1.00 

12.50 

0.00 

14.00 

1.00 

13.00 

0.50 

13.50 

0.50 

14.50 

1.00 

10.50 

0.50 

13.00 

0.50 

10.00 

1.50 

7.00 


5.00 


5.50 


6.50 


6.00 


5.50 


5.50 


5.75 


4.50 


5 


4.50 
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Table  III 

PRE-ECP  MAXIMUM  RANGE  TESTS,  VHF  AND  UHF  RECEIVER-TRANSMITTERS 


Radio 


AN /ARC- 11 5  VHF- AM 


AN/ARC-116  UHF-AM 


Frequency 


im 


Barometric  Altitude 
Above  the  Ground 
Station 
ft)  _ 


149.400 

11,170 

149.400 

9,670 

304.000 

2,500 

399.900 

2,500 

Required  Range 
85-pct  Theoretical 
Radio  Horizon 


Table  IV 

POST-ECP  POWER  OUTPUT  AND  REFLECTED  POWER  TEST 
AN/ARC-115  VHF- AM 


Frequency 


Power 
at  RT 
watts 


116.025 

12.50 

0.25 

11.25 

120.000 

10.00 

1.25 

7.00 

121.500 

9.00 

1.25 

8.00 

126.025 

11.50 

1.00 

9.00 

130.000 

10.00 

0.50 

9.75 

136.025 

9.00 

0.75 

10.00 

140.000 

12.00 

0.25 

7.50 

143.675 

11.00 

0.00 

8.00 

146.025 

11.00 

0.00 

10.00 

149.975 

11.00 

0.25 

8.50 

0.50 


1.00 


1.00 


0.75 


0.50 


0.50 


0.25 


0.25 


VSWR  at 
Antenna 


Increase 

(pet) 


Frequency 


225.000 


242.000 


259.000 


276.000 


293.000 


300.000 


327.000 


344.000 


361.000 


383.000 


399. 9G0 


Average  Increase  in  Power  Output  =  35 


Frequency 


124.05 


135.05 


141.55 


800  Feet  AGL 
(NM) 

1,200  Feet  AGL 
(NM) 

28 

28 

25 

31 

20 

30 

1,700  Feet  AGL  2,500  Feet  AGL 


Table  IX 


POST-ECP  MAXIMUM  RANGE  TEST,  AN/ARC-116  UHF-AM 


Frequency 

(mHz) 

260.7 


304.0 


378.1 


800  Feet  AGL 
(NM) 

37 


19 


34 


1/ 


200  Feet  AGL 
(NM) _ 

40 


26 


39 


1 


,700  Feet  AGL 
(NM) _ 


2,500  Feet  AGL 
(NM) _ 


43 


49 


29 


30 


41 


48 


Table  X 

POWER  OUTPUT  AND  REFLECTED  POWER  TESTS  , 
AN/ARC-114  VHF-FM 
(Acft  69-6610,  2  Aug  1971) 


Frequency 

(mHz) 

Power 
at  RT 
(watts) 

Reflected 
at  RT 
(watts) 

Power  at 

Antenna 

(watts) 

Reflected  at 
Antenna 
(watts) 

VSWR  at 
Antenna 

30.00 

Z2.00 

2.00 

9.50 

2.25 

2.9 

35.00 

18.00 

2.00 

10.50 

3.00 

3.3 

40.00 

14.00 

1.75 

10.50 

2.00 

2.6 

45.00 

18.00 

1.75 

12.00 

2.50 

2.7 

50.00 

16.50 

2.00 

10.00 

2.00 

2.6 

55.00 

15.00 

1.75 

7.50 

2.00 

3.1 

60.00 

17.50 

1.50 

7.25 

1.50 

2.7 

65.00 

19.00 

0.00 

12.00 

1.00 

1.8 

0.00 

21.50 

1.00 

11.50 

1.25 

1.4 

75.95 

15.50 

1.00 

9.50 

1.25 

2.1 

Table  XI 

MAXIMUM  RANGE  TEST,  AN/ARC-114  VHF-FM 
(Acft  S/N  69-6610,  9  Jul  1971) 


Frequency 

(mHz) 

800  Feet  AGL 
(NM) 

1,200  Feet  AGL 
(NM) 

1,700  Feet  AGL 
(NM) 

34.95 

38 

41 

* 

* 

49.95 

31 

39 

41 

51 

■^1 

15 

22 

27 

32 

*Test  could  not  be  continued  due  to  terrain  interference. 


Table  XII 


GYROMAGNETIC  COMPASS  ACCURACY  TEST,  Acft  S/N  68-10774 

(Ground  Test) 


Actual  Magnetic 
Heading 
(deg) 

Indicated 
Magnetic  Heading 
(deg) 

Deviation 

(deg) 

001 

001 

0 

047 

046 

+  1 

091 

091 

0 

136 

136 

0 

181 

181 

0 

225 

225 

0 

270 

270 

0 

316 

316 

0 

Table  XIII 

DG  DRIFT  RATE  TEST,  GYROMAGNETIC  COMPASS  DATA 


Mission 

Duration 

(hrs) 

Total 

Drift 

(deq) 

Drift 
Per  Hr 
(deg) 

Mission 

2.00 

3 

1.5 

Weapons  Delivery  Test 

1.33 

2 

1.5 

Hoist  Test 

1.54 

5 

3.2 

ADF  Homing  Test  ^ 

1.06 

2 

1.8 

Maximum  Range  Communication  Test 

no 


Table  XIV 

AQU-5A  MAGNETIC  COMPASS  ..CCURACY  -  XM60  SIGHT  NOT  INSTALLED 

(Ac ft  S/N  68-10774) 


Actual  Heading 
(deg) 

(Kollsman  B-16) 

Indicated 

Heading 

(deg) 

Card- 

Corrected 

Heading 

(deg) 

De  via 
(de 

001 

005 

005 

+  4 

047 

048 

048 

+1 

091 

087 

087 

-4 

136 

130 

130 

-6 

181 

178 

182 

+1 

225 

228 

230 

+  5 

270 

276 

280 

+  10 

316 

322 

325 

+9 

Table  XV 

AQU-5A  MAGNETIC  COMPASS  ACCURACY  -  XM60  SIGHT  NOT  INSTALLED 

(Ac ft  S/N  69-6610) 


Actual  Heading 
(deg) 

Kollsman  B-16) 


Indicated 

Heading 

(deg) 

Card- 

Corrected 

’leading 

(deg) 

Deviation 

(deg) 

003 

003 

-2 

046 

046 

+1 

088 

088 

-8 

132 

132 

-6 

179 

179 

+3 

232 

233 

+13 

274 

276 

+  10 

318 

319 

+  2 

Table  XVI 


> 

AQU-5A  MAGNETIC  COMPASS  ACCURACY  -  WITH  XM60  SIGHT  INSTALLED 

(Ac ft  S/N  69-6610) 


Actual  Heading 
(deg) 

(Kollsman  B-16) 

Indicated 

Heading 

(deg) 

Card 

Corrected 

Heading 

(deg) 

Devi ation 
(deq) 

002 

005 

005 

+3 

054 

051 

051 

+3 

096 

092 

092 

+4 

138 

135 

135 

+3 

174 

179 

179 

+  5 

219 

225 

226 

+7 

266 

269 

271 

+  5 

317 

317 

_ 

318 

+1 

Table  XVII 

UHF  DIRECTION  FINDER  ACCURACY 


Test  Station 

Average 

RMS  Error 

Required  RMS 

Frequency 

Error 

Value 

Value 

(mHz) 

(deq) 

(deq) 

(deq) 

UHF  BCN 

China  Lake  NAF 

+  3.66 

+  8.63 

o 

o 

+ 

265.2 

_ 

FCA  Van 

+2.83 

+  8.08 

o 

o 

r- 

+ 

304.0 

_ 

FCA  Van 

+  3.42 

+9.76 

o 

o 

r- 

+ 

378.1 

_ i 
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Table  XVIII 
TACAN  ACCURACY 


Station 

Radial  Error* 
(deg) 

Distance  Error* 
(NM) 

Average  Distance 
to  Station 
(NM) 

Lake  Hughes  Vortac 
Channel  21 

1.25 

0.36 

37 

George  AFB  Tacan 

Channel  43 

0.55 

0.40 

37 

China  Lake  NAF  Tacan 
Channel  53 

1.90 

0.55 

59 

Edwards  AFB  Tacan 
Channel  68 

1. 82 

0.53 

17 

Daggett  Vortac 

Channel  79 

1  .00 

0.25 

62 

Palmdale  Vortac 

Channel  92 

1.83 

0.25 

19 

Gorman  Vortac 

Channel  108 

2.41 

0.31 

50 

* Averages  of  the  absolute  value  of  12  data  points  for  each  station 


Table  XIX 


TACAN  MAXIMUM  RANGE 


RADIALS 


Tacan  Station 
Channel  No. 

Break  Lock 

Make  Lock  j 

Pressure 

Altitude 

(ft) 

Inbound 

(NM) 

Required* 

Range 

(NM) 

Pressure 

Altitude 

(ft) 

Outbound 

(NM) 

Required* 

Range 

(NM) 

Castle  AFB 

60 

8,500 

148 

90 

9  ,200 

141 

93 

Fresno  Vortac 

76 

4,800 

102 

69 

5,400 

104 

70 

Lemoore  NAS 

80 

3,900 

69 

62 

5,500 

71 

70 

Avenal  Vortac 

118 

1,400 

46 

34 

2,700 

49 

49 

Porterville  Vortac 

29 

800 

41 

28 

1,100 

40 

31 

Bakersfield  Vortac 
101 

200 

22 

14 

200 

21 

14 

*Eightv  percent  cf  maximum  radio  path  distance  assumed  as  reasonable  requirement 
for  altitudes  below  10,000  feet. 


Table  XX 


TACAN  MAXIMUM  RANGE  -  DME 


Tacan  Station 
Channel  No. 

Break  Lock 

Make  Lock  1 

Pressure 

Altitude 

(ft) 

Inbound 

(NM) 

Required 

Range 

(NM) 

Pressure 

Altitude 

(ft' 

Outbound 

(NM) 

Required 

Range 

(NM) 

Castle  AFB 

60 

10,900 

148 

103 

9 ,200 

93 

Fresno  Vortac 

76 

3,400 

102 

73 

5,400 

104 

73 

Lemoore  NAS 

80 

4,100 

69 

62 

5,500 

71 

71 

Avenal  Vortac 

118 

4,300 

45 

45 

2,700 

49 

50 

Porterville  Vortac 
29 

1,100 

41 

33 

1,100 

40 

33 

Bakersfield  Vortac 
101 

200 

22 

14 

200 

20 

14 

Goniometer 

Indicated 

Heading 

(deg) 

Pilot 1 s 

BDHI 

(deg) 

015 

015 

045 

046 

075 

075 

105 

105 

135 

135 

165 

165 

195 

19  5 

225 

225 

255 

252 

285 

282 

315 

314 

34  5 

344 

Tacan 

Station  No.  1,  KFI 
(mag  deg) 

Station  No.  2,  KVAR 
(mag  deg) 

Radial 
(mag  deg) 

Distance 

(NM) 

155 

098 

060 

22.0 

141 

090 

044 

14.5 

142 

089 

040 

11.0 

Difference:  | 

1  Tacan 

to  ADF*  1 

ihmmih§&» 

2 

311 

8 

281 

4 

282 

*These  figures  were  derived  from  ADF  and  tacan  data  plotted  graphically  on 
navigational  charts. 


Table  XXIII 

VOR  RADIAL  ACCURACY  TEST 


VOR  Station 

Radial  Error* 
(deg) 

Average  Distance 
To  Station 
(NM) 

Lake  Hughes  Vortac 
108.4  mHz 

1.27 

36 

Edwards  AFB  VOR 

116.4  mHz 

1.90 

17 

Daggett  Vortac 

113.2  mHz 

1.50 

62 

Palmdale  Vortac 

114.5  mHz 

1.75 

19 

Gorman  Vortac 

116.1  mHz 

2.33 

50 

* Average  of  the  absolute  vaiue  of  12  data  points. 

tfote :  VOR  bench  test  radial  accuracy  required  was  +0.7 
degree  (reference  22) . 


Table  XXIV 

VOR  RECEIVER  MAXIMUM  RANGE  TEST 


Vor  Station 
(mHz) 


Merced  VOR 
114.2 


Fresno  Vortac 
112.9 


Visalia  VOR 
109.4 


Bakersfield  Vortac 
115.4 


Break  Lock 


Pressure 

Altitude  Inbound 


7,500  137 


4,750  102 


1,900  63 


Porterville  Vortac  1,500  42 

109.2 


200  22 


Make  Lock 


Pressure  |  Require 

Altitude  I  Outbound 
(ft) 


Table  XXV 


RADAR  ALTIMETER  ACCURACY  TEST 


Measured 

Altitude 

(ft) 

Radar  Altimeter 
Indication* 

(ft) 

Error 

Error 

(ft) 

Error  Limit* 
(ft) 

10 

10.0 

+0.0 

+5.8 

20 

23.3 

+3.3 

+5.8 

50 

50.0 

+0.0 

+5.8 

100 

104.0 

-4.0 

+5.8 

200 

197.4 

-2.6 

+6.7 

300 

295.4 

-4.6 

+9.4 

500 

491.0 

-9.0 

+15.3 

1,000 

975.7 

-24.3 

+  30.2 

2,000 

1,953.0 

-47.0 

+60.1 

3,000 

2,929.7 

-70.3 

+90.1 

4,000 

3,970.7 

-29.3 

+120.0 

5,000 

4,988.0 

-22.0 

+150.0 

*Average  of  three  data  points. 

**Error  limit  was  calculated  from  the  specified  radar 
altimeter  accuracy  of  +5  feet  or  +3  percent  of  actual 
altitude,  whichever  was  greater,  and  the  measurement 
error  of  +3  feet  combined  by  the  equation 

2  2 

Error  Limit  =  A  +  M 


where 


A  =  altimeter  error 
M  =  measurement  error 
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SUBSYSTEM  MISSION  MALFUNCTION  REPORT 
(16  Oct  1970  through  15  Jul  1971) 


Subsystem 

Success 

Discrepancy 

Fail 

Abort 

Time 

Airframe 

6 

0 

1 

489.08 

Fuselage  Compartment 

407 

1 

0 

489.08 

Landing  Gear 

408 

0 

0 

489.08 

Flight  Control 

399 

8 

1 

1 

489.08 

Rotor  Systems 

318 

89 

0 

1 

489.08 

Turbo  Powerpla  - 

374 

25 

6 

7 

489.08 

Rotary  Drive 

400 

4 

2 

3 

489.08 

Heat,  Ventilation 

408 

0 

0 

0 

489.08 

Electrical  Power 

401 

6 

1 

489.08 

Lighting  System 

405 

2 

0 

489.08 

Hydraulic  Power 

406 

1 

0 

489.08 

Fuel  System 

405 

2 

1 

489.08 

Misc  Utilities 

408 

0 

0 

0 

489.08 

Instruments 

404 

1 

3 

0 

489.08 

VHF-AM  Communications 

330 

3 

4 

0 

395.34 

VHF-FM  Communications 

296 

0 

2 

0 

399.94 

HF  Communications 

4 

0 

3 

0 

12.08 

UHF  Communications 

373 

3 

4 

0 

464.41 

Interphone 

407 

1 

0 

0 

4:r  ? 8 

IFF 

81 

0 

o 

0 

117.77 

Misc  Communications 

3 

0 

o 

0 

4.25 

Tacan 

352 

0 

4 

0 

428.04 

VOR 

354 

1 

0 

0 

428.04 

UHF  Direction  Finder 

116 

0 

3 

0 

141.52 

ADF 

10 

0 

0 

0 

12.00 

Marker  Beacon 

19 

0 

0 

0 

24.33 

Radar  Altimeter 

8 

0 

0 

0 

14.58 

XM60  Sight 

89 

0 

0 

0 

99.77 

M9  3  Weapon 

15 

0 

0 

0 

26.98 

Rocket  Launcher 

9 

0 

1 

1 

16.92 

Grenade  Launcher 

2 

0 

0 

20.08 

Ext  Stores  Rack 

19 

0 

0 

0 

32.80 

Rescue  Hoist 

2 

_ 0 _ 

0 

0 

3.92 

Table  XXVIII 


SUBSYSTEM  MISSION  RELIABILITY  REPORT 
(16  Oct  1970  through  15  July  1971) 


Mean  Tims 
Discrs 

2  Between 
spancy 

Mean  Time  Between 
Failure 

Mean  Time  Between 
Abort 

Subsvs  tern 

Measured 

90  Percent 
Lower 
Confidence 
Limit 

Measured 

90  Percent 
Lower 
Confidence 
Limit 

Measured 

90  Percent 
Lower 

Con  fidenc  el 
Limit 

Airframe 

69.9 

41.5 

489.1 

125.7 

489.1 

125.7 

Fuselage  Compartment 

489.1 

125.7 

NO  FAIL 

212.4 

NO  ABORT 

212.4 

Landinq  Gear 

NO  DISC 

212.4 

NO  FAIL 

212.4 

NO  ABORT 

212.4 

Flight  Control 

48.9 

31.8 

244.5 

91.9 

489.1 

125.7 

Rotor  Systems 

5.4 

4.7 

489.1 

125.7 

489.1 

125.7 

Turbo  Powerplant 

12.9 

10.4 

37.6 

25.8 

69.9 

41.5 

Rotary  Drive 

54.3 

34.4 

97.8 

52.7 

163.0 

73.2 

Heat,  Ventilation 

NO  DISC 

212.4 

NO  FAIL 

212.4 

NO  ABORT 

212.4 

Electrical  Power 

61.1 

37.6 

244.5 

91.9 

489.1 

125.7 

Lighting  System 

163.0 

73.2 

489.1 

125.7 

NO  ABORT 

212.4 

Hydraulic  Power 

244.5 

91.9 

489.1 

125.7 

NO  ABORT 

212.4 

Fuel  System 

122.3 

61.2 

244.5 

91.9 

489.1 

125.7 

Misc  Utilities 

NO  DISC 

212.4 

NO  FAIL 

212.4 

NO  ABORT 

212.4 

Instruments 

122.3 

61.2 

163.0 

73.2 

NO  ABC  .T 

212.4 

VHF-AM  Communications 

56.5 

33.6 

98.8 

49.5 

NO  ABORT 

171.7 

VHF-FM  Communications 

175.0 

66.5 

175.0 

66.5 

NO  ABORT 

152.0 

HF  Communications 

4.0 

1.5 

4.0 

1.5 

NO  ABORT 

5.2 

UHF  Communications 

66.3 

39.5 

116.1 

58.1 

NO  A30RT 

201.7 

Interphone 

489.1 

125.7 

NO  FAIL 

212.4 

NO  ABORT 

212.4 

IFF 

NO  DISC 

51.1 

NO  FAIL 

51.1 

NO  ABORT 

51.1 

Misc  Communications 

NO  DISC 

1.8 

NO  FAIL 

1.8 

NO  ABORT 

1.8 

Tacan 

107.0 

53.5 

107.0 

53.5 

NO  ABORT 

185.9 

VOR 

428.0 

110.0 

NO  FAIL 

185.9 

NO  ABORT 

185.9 

UHF  Direction  Finder 

47.2 

21.2 

47.2 

21.2 

NO  ABORT 

61.5 

ADF 

NO  DISC 

5.2 

NO  FAIL 

5.2 

NO  ABORT 

5.2 

Marker  Beacon 

NO  DISC 

10.6 

NO  FAIL 

10.6 

NO  ABORT 

10.6 

Radar  Altimeter 

NO  DISC 

6.3 

NO  FAIL 

6.3 

NO  ABORT 

6.3 

XM60  Sight 

NO  DISC 

43.3 

NO  FAIL 

43.3 

NO  ABORT 

43.3 

M93  Weapon 

NO  DISC 

11.7 

NO  FAIL 

11.7 

NO  ABORT 

11.7 

Rocket  Launcher 

8.5 

3.2 

8.5 

3.2 

16.9 

4.4 

Grenade  Launcher 

10.0 

3.8 

NO  FAIL 

8.7 

NO  ABORT 

8.7 

Ext  Stores  Rack 

NO  DISC 

14.2 

NO  FAIL 

14.2 

NO  ABORT 

14.2 

Rescue  Hoist 

NO  DISC 

1.7 

NO  FAIL 

1.7 

NO  ABORT 

1.7 

atm 


Table  XXIX 


SUBSYSTEM  HARDWARE  RELIABILITY 
(16  October  1970  through  15  July  1971) 


1  wuc 

I  Subsystem 

MTBF* 

90  pet  LCL 

Comments 

I  11000 

1  Airframe 

14.4 

11.2 

Numerous  skin  cracks  and 
broken  latches  were  dis¬ 
covered  and  repaired  dur¬ 
ing  phase  inspections. 

AFFTC  RUMR  R70-904  con¬ 
cerning  cracked  engine 
inlet  ducts  was  submitted 
and  has  been  closed  by  the 
initiation  of  a  TCTO. 

I  12000 

1  Fuselage  Compartment 

I 

81.5 

46.5 

Torn  and  cracked  interior 
materials  were  the  major 
problems . 

1  13000 

1  Landing  Gear 

122.3 

73.4 

One  aircraft  had  both 
crossover  tubes,  one  skid, 
and  one  skid  pad  replaced. 

I  14000 

1  Flight  Controls 

1 

44.4 

24.3 

Three  failures  of  a  bear¬ 
ing  located  in  the  anti- 
torque  controls  was  the 
major  problem.  RUMR  R71-79 
was  submitted  for  this 
problem  and  is  still  open. 
Additionally,  there  were 
failures  of  a  tail  rotor 
pitch  control  tube,  collec¬ 
tive  servo  boot,  and  tail 
rotor  servo  bushing.  Fre¬ 
quent  adjustments  of  the 
collective  and  cyclic  con¬ 
trols  were  required. 

I  15000 

1  Rotor  Systems 

L _ 

5.2 

4.5 

A  delaminated  blade  and 
leaking  main  rotor  hub 
assembly  were  the  main 
problems.  Numerous  ad¬ 
justments  were  required 
to  track  the  main  rotor 
blades  properly  after  re¬ 
placement. 

*Based  on  409.1  airframe  hours. 
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Table  XXIX  (Continued) 


wuc 

Subsystem 

MTBF 

90  pet  LCL 

Comments 

22000 

Turboshaft  Powerplant 

10.6 

8.8 

Three  power  sections  were 
replaced  due  to  internal 
failure.  Topping  power 
adjustments,  throttle 
adjustments,  and  fuel  con¬ 
trol  replacements  were  all 
problems . 

26000 

Rotary  Wing  Drive  System 

28.8 

20.5 

Blown  transmission  oil 
filter  gaskets  and  false 
indication  of  high  trans¬ 
mission  oil  temperatures 
were  the  major  problems. 
RUMR's  R7 1-261 ,  R71-262, 
and  R71-263  were  submitted 
concerning  the  oil  tempera¬ 
ture  problem  and  are  still 
open. 

42000 

Electrical  Power  System 

44.5 

29.4 

There  were  two  failures 
of  main  inverters  and 
three  cases  of  generators 
dropping  off  the  line. 

RUMR  24  SOWg  R70-43  con¬ 
cerning  the  generator 
problem  was  submitted  and 
is  still  open.  See  ref¬ 
erence  5. 

44000 

Lighting  System 

163.0 

73.4 

Burned  out  light  bulbs 
and  incorrect  wiring  of 
an  aircraft  navigation 
light  were  the  only  prob¬ 
lems  . 

45000 

lydraulic  Power  Supply 

122.3 

61.6 

Replacements  of  an  inte¬ 
grated  valve  and  filter 
assembly  and  a  pressure 
sensing  switch  were  the 
main  problems. 

8  46000 

■Fuel  System 

69.9 

41.6 

There  were  two  failures 
of  boost  pumps,  one  failure 
of  a  boost  pump  pressure 
switch,  and  several  minor 
failures . 

Table  XXIX  (Concluded) 


WUC 

J^ubsj^sten^ 


MTBF 


90  pet  LCL 


Comments 


51000 

Instruments 


61000 

HF  Communication 


62100 

VHF-FM  Communications 


69.9 


41.6 


There  were  three  gyro 
failures,  two  attitude 
indicator  failures,  and 
two  RMl  amplifier  failures. 


There  were  two  failures  of 
the  radio  set  and  a  failure 
of  an  antenna  coupler. 

Due  to  limited  use,  an 
MTBF  statistic  is  not 
presented. 


489.1 


125.5 


Radio  set  replaced 


62300 

VHF-AM  Communications 


69.9 


41.6 


Seven  radio  sets  were 
replaced. 


63000 

"  UHF  Communications 


163.0 


73.4 


Three  radio  sets  were 
replaced. 


71210 

Tacan 


122.3 


61.6 


Three  receiver-transmitters 
were  replaced  along  with 
an  antenna. 


71100 

UHF  Direction  Finder 


53.0 


23.3 


There  were  replacements 
of  an  antenna  and  two 
amplifiers . 


75000 

Weapon  Delivery 


38.2 


9.85 


Rocket  launcher  emergency 
jettison  system  required 
adjustment. 

HI  I  Willi  WH  mill  ■imiim— niwr  — 


Table  XXX 

MAINTENANCE  MANHOURS  PER  FLYING  HOUR  -  BY  WORK  UNIT  CODE 
(16  Jan  1971  through  15  July  1971) 


Percent 

Title 

WUC 

MMH/FH 

of  Total 

Ground  Handling,  Service 

1 

4.0 

21.0 

Aircraft  Cleaning 

2 

2.2 

11.5 

Look  Phase  of  Inspection 

3 

6.3 

33.4 

Special  Inspections 

4 

1.0 

5.5 

Aircraft  and  Engine  Storage 

5 

0.0 

0.0 

Ground  Safety 

6 

0.0 

0.2 

Preparation  of  Aircraft  Records 

7 

0.1 

0.3 

Shop  Support  General 

9 

0.0 

0.1 

Totals  for  Support  General 

13.5 

72.1 

|  Corrective  Maintenance  | 

Subsystem 

Airframe 

11 

1.7 

8.9 

Fuselage  Compartment 

12 

0.1 

0.6 

Landing  Gear 

13 

0.1 

0.8 

Flight  Controls 

14 

0.5 

2.5 

Rotor  Systems 

15 

0.3 

1.7 

Turbo  Shaft  Powerplant 

22 

0.8 

4.2 

Rotary  Wing  Drive  System 

26 

0.2 

1.0 

Bleed  Air  Heat,  Ventilation 

41 

0.0 

0.0 

Electrical  Power  Supply 

42 

0.1 

0.5 

Lighting  System 

44 

0.0 

0.0 

Hydraulic  Power  Supply 

45 

0.1 

0.3 

Fuel  System 

46 

0.1 

0.6 

Misc  Utilities 

49 

0.0 

0.2 

Instruments 

51 

0.1 

0.3 

HF  Communication  System 

61 

0.0 

0.2 

VHF  Communications 

62 

0.5 

2.7 

UHF  Communications 

63 

0.1 

0.4 

Interphone 

64 

0.2 

0 . 8 

IFF 

65 

0.1 

0.8 

Misc  Communications 

69 

0.0 

0.1 

Radio  Navigation 

71 

0.2 

1.3 

Radar  Navigation 

72 

0.0 

0.0 

Weapon  Delivery 

75 

0.0 

G.l 

Emergency  Equipment 

91 

0.0 

0.0 

Miscellaneous  Equipment 

96 

0.0 

0.0 

Explosive  Devices 

97 

0.0 

0.0 

Totals  for  Corrective  Maintenance 

5.3 

27.9 

UH-lN  Aircraft  Totals 

18.8 
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Table  XXXI 


CODE  DEFINITIONS 


Action-Taken  Codes 


Code  Definition 


Repair 


Repair  and/or  replacement  of  minor  parts,  hardware,  and  softgoods 


Calibrated-adjustment  required 


Adjust  or  reset 


Removed 


Remove  and  replace 


Remove  and  reinstall 


Corrosion  treatment 


How-Malfunctioned  Codes 


Definition 


i  Improper  handling 


Mismatched 


Loose  or  damaged  bolts,  nuts,  screws,  rivets,  fasteners,  clamps 
or  other  common  hardware 


Missing  bolts,  nuts,  screws,  rivets,  fasteners,  clamps  or  other 
common  hardware  _ 

Broken,  faulty  or  missing  safety  wire  or  key 

Engine  removed,  excessive  maintenance 

Accidental  explosion  of,  or  damage  from  onboard  munitions 
Dirty,  contaminated  or  saturated  by  foreign  material 


Improper  or  faulty  maintenance 


Foreign  object  damage 


Bird  strike  damage 


External  power  source 


Improper  routing 


Does  not  meet  specification,  drawing,  or  other  conformance  re¬ 
quirements 


Failed  or  damaged  due  to  malfunction  of  associated  equipment 
or  item 


Table  XXXI  (Concluded) 


Co  cl *5 

f  ini 

709 

Administrative  condemnation 

731 

Battle  damage 

793 

No  defect  -  TCTO  kit  received  by  base  supply  or  parts  available 
in  base  supply 

797 

No  defect  -  T.O.  previously  complied  with 

798 

No  defect  -  T.O.  not  applicable  -  equipment  to  be  replaced, 
modified  or  not  installed 

799 

No  defecc 

800 

No  defect  -  component  removed  and/or  reinstalled  to  facilitate 
other  maintenance 

801 

No  defect  -  T.O.  compliance 

80  2 

No  defect  -  partial  T.O.  compliance 

803 

No  defect  -  removed  for  time  change 

804 

No  defect  -  removed  for  scheduled  maintenance  or  modification 

812 

No  defect  -  indicated  defect  caused  by  associated  equipment 
malfunction 

877 

Transportation  damage 

878 

Weather  damage 

911 

Engine  TCTO  correction  (reference  T.O.  00-20-4) 

931 

Accidental  or  inadvertent  operation,  release  or  activation 

~  u 

c  a  o  c 
3  i  e  o 
o  o  a  ^  c. 
SHO  ^  fl  O 
O  M  U 


T}  ry 

s  a  c/2 
D  i  E  u 
oo  ao 
^  ^  c 

o  <m  a 


?  d  i  u  a 
wo  Uo 

<y  >j  i  y  i» 


I  M 

G  0  Ji 
O  >  ‘ 

U  1>  -w 

^  o 

14 

0  -  H 

*j  o  O4T3 
G  m  fd 
o  o 
Uic  or 


O  G  O 
0.0  0 
o  o 
*>  02  “ 
t/' w  om  J 
<  'O  I  w 

MO  O  £ 

X  o  c  o 
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O  '  £  *-<*4 
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Reference  0.0002  dyres/cm2 
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Force  Flight  Test  Center,  Edwards  AFB,  California  (to  be  published). 
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ABSTRACT 


UH-1N  subsystems  tests  were  flown  with  three  Category  II  test  helicop¬ 
ters.  The  aircraft  was  found  capable  of  performing  its  mission  ade¬ 
quately.  The  airframe,  fuselage  compartment,  flight  controls  and  elec¬ 
tric  utility  system  were  found  to  be  generally  acceptable.  Mechanical 
tail  rotor  pitch  control  problems  and  crew  reach  difficulties  with  seat 
armor  installed  were  notable  exceptions.  The  rescue  hoist  and  cargo 
suspension  unit  operated  satisfactorily.  The  loudspeaker  system  kit 
proved  largely  ineffective  even  after  correction  of  circuitry  problems. 
Early  VHF-AM  and  UHF  communications  shortcomings  were  effectively  cor¬ 
rected  by  a  TCTO .  The  AN /ARC-102  receiver-transmitter  became  inopera¬ 
tive  and  did  not  become  operational  in  time  for  completion  of  tests . 
Most  other  avionics  equipment,  including  navigation  aids,  proved  satis¬ 
factory  although  specifications  for  such  equipment  often  were  not  met. 
Reliability  and  maintainability  figures  for  onboard  systems  were  deter¬ 
mined.  The  powerplant,  transmission,  electrical  power,  flight  instru¬ 
ments,  VHF-AM  transceiver,  tacan  and  UHF-DG  systems  were  identified  as 
reliability  problem  areas.  Engine  access  was  difficult  and  time  con¬ 
suming  and  changes  to  engine  cowling  and  baffle  fasteners  were  recom- 
,  mended. 
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